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Dq Dowhuqdwlyh H{sodqdwlrq ri wkh Sulfh Sx}}oh
Sdror JlrugdqlW
Devwudfw
Wklv sdshu sursrvhv d vlpsoh h{sodqdwlrq iru wkh iuhtxhqw dsshdudqfh
ri d sulfh sx}}oh lq YDUv ghvljqhg iru prqhwdu| srolf| dqdo|vlv1 Lw vxj0
jhvwv wkdw wkh ehvw phwkrg ri vroylqj wkh sx}}oh lpsolhv d forvh frqqhfwlrq
ehwzhhq wkhru| dqg hpslulfv udwkhu wkdq wkh lqwurgxfwlrq ri d frpprglw|
sulfh1 Lw suryhv wkdw wkh rplvvlrq ri d phdvxuh ri rxwsxw jds +ru srwhq0
wldo rxwsxw, vsxulrxvo| surgxfhv d sulfh sx}}oh +dqg vhyhudo rwkhu lqfruuhfw
frqfoxvlrqv, lq d zlgh fodvv ri frpprqo| xvhg prghov1 Wklv fdq kdsshq
hyhq li wkh prgho dgplwv d wuldqjxodu lghqwl?fdwlrq dqg li wkh iruhfdvwv
surgxfhg e| wkh plvvshfl?hg YDU duh rswlpdo1 Zkhq wkh prgho lv whvwhg
rq XV gdwd/ doo suhglfwlrqv duh vxssruwhg1
Nh|zrugv= YDU/ prqhwdu| srolf|/ plvvshfl?fdwlrq/ rxwsxw jds/ whfk0
qrorj| vkrfnv1
MHO=H6 3 /H8 5 1
WVwrfnkrop Vfkrro ri Hfrqrplfv/ Ghsduwphqw ri Hfrqrplfv1 Er{ 9834/ VH0446;6/ Vwrfn0
krop/ Vzhghq1 Skrqh= .79 ; :69<5:31 Id{= .79 ; 64653:1 H0pdlo= qhsjlCkkv1vh1 L zrxog
olnh wr wkdqn Gdylg Grphlm/ Pduwlq Hlfkhqedxp/ Hulf Ohhshu/ Oduv Omxqjtylvw/ dqg Dqghuv
Yuhglq iru frpphqwv/ dqg Fkduohv Hydqv iru surylglqj gdwd1 D vshfldo wkdqn wr Sdxo Vøghu0
olqg dqg Oduv Vyhqvvrq iru frpphqwv dqg glvfxvvlrqv1 Ilqdqfldo khos iurp wkh Zdoodqghuv
Irxqgdwlrq lv judwhixoo| dfnqrzohgjhg1
44L q w u r g x f w l r q
D ydvw olwhudwxuh kdv surgxfhg d uhihuhqfh iudphzrun iru YDU dqdo|vlv ri prq0
hwdu| srolf|14 Wklv uhihuhqfh YDU lqfoxghv d frpprglw| sulfh lqgh{1 Wkh ?uvw
YDU vwxglhv vkrzhg wkdw rplwwlqj d frpprglw| sulfh dqg wdnlqj d vkruw lq0
whuhvw udwh dv wkh srolf| lqvwuxphqw surgxfhg d uhvsrqvh ri wkh sulfh ohyho wr
frqwudfwlrqdu| prqhwdu| srolf| vkrfnv zklfk zdv srvlwlyh iru pdq| txduwhuv/ d
?qglqj wkdw wrrn wkh qdph ri sulfh sx}}oh1 Vlpv +4<<5, sursrvhg d udwlrqdoh iru
wkh sx}}oh/ dqg d zd| wr ?{ lw1 Klv frqmhfwxuh zdv wkdw wkh lqirupdwlrq vhw dydlo0
deoh wr srolf| pdnhuv pd| lqfoxgh yduldeohv xvhixo lq iruhfdvwlqj ixwxuh lq dwlrq
wkdw wkh hfrqrphwulfldq kdv qrw frqvlghuhg1 Li wkh YDU iruhfdvw ri lq dwlrq lv
lq idfw d srru rqh/ wkh YDU zloo plvwdnhqo| lghqwli| dv vkrfnv pryhphqwv lq wkh
lqvwuxphqw ri srolf| zklfk duh lq idfw hqgrjhqrxv uhvsrqvhv wr vljqdov ri ixwxuh
lq dwlrq/ khqfh wkh ?qglqj wkdw sulfhv lqfuhdvh diwhu d frqwudfwlrqdu| prqhwdu|
srolf| vkrfn +khqfhiruwk PS vkrfn,15 Vlpv klpvhoi +4<<5, dqg odwhu vwxglhv
exloglqj rq wklv vxjjhvwlrq kdyh irxqg wkdw wkh sx}}oh glvdsshduv lq wkh XV/ dw
ohdvw wr d odujh h{whqw/ zkhq wkh YDU lv h{whqghg wr lqfoxgh d frpprglw| sulfh
lqgh{/ d yduldeoh xvhixo lq iruhfdvwlqj lq dwlrq1
Ehvlghv vroylqj wkh sulfh sx}}oh/ wkh lqfoxvlrq ri d frpprglw| sulfh fkdqjhv
wkh ryhudoo slfwxuh ri prqhwdu| srolf|/ lq wkdw wkh uhvsrqvh ri rxwsxw wr d PS
vkrfn lv vpdoohu dqg PS vkrfnv duh ohvv lpsruwdqw lq wkh yduldqfh ghfrpsrvlwlrq
ri rxwsxw dqg ri wkh ihghudo ixqgv udwh +wkh srolf| lqvwuxphqw,1 Edvhg rq wkhvh
uhvxowv/ Ohhshu/ Vlpv dqg ]kd +4<<9, zduq wkdw wkh h{foxvlrq ri d frpprglw|
sulfh fdq uhvxow lq vhulrxv plvvshfl?fdwlrq1
4Iru d vxppdu| ri wklv olwhudwxuh vhh Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;, ru Ohhshu/
Vlpv dqg ]kd +4<<9,1 Iru d wkrurxjk suhvhqwdwlrq ri wkh iudphzrun YDU iru prqhwdu| srolf|
dqdo|vlv/ vhh Idyhur +5333,1
5Dqrwkhu h{sodqdwlrq ri wkh sx}}oh/ sursrvhg e| Eduwk dqg Udph| +5333,/ vxjjhvwv wkdw
ulvlqj sulfhv iroorzlqj d prqhwdu| frqwudfwlrq qhhg qrw eh d sx}}oh li prqhwdu| srolf| rshudwhv
qrw rqo| wkurxjk ghpdqg h>hfwv/ exw dovr wkurxjk vxsso| h>hfwv1 Wklv pd| eh d sodxvleoh
h{sodqdwlrq iru sulfhv prylqj deryh dyhudjh iru d ihz prqwkv/ exw dujxdeo| qrw iru wkuhh ru
irxu |hduv/ dv Vlpv +4<<5, ?qgv zkhq kh h{oxghv d frpprglw| sulfh iurp klv YDU1
5Exw zkloh qr rqh zdqwv d sulfh sx}}oh lq wkhlu YDU/ holplqdwlqj lw vrphwlphv
frphv dw d frvw vlqfh wkh prghov prqhwdu| hfrqrplvwv zrun zlwk gr qrw lqfoxgh
d frpprglw| sulfh1 Ri frxuvh wkh prghov duh qrw phdqw wr eh frpsohwh uhs0
uhvhqwdwlrqv ri uhdolw|/ dqg li prqhwdu| dxwkrulwlhv gr uhdfw wr lqirupdwlrq qrw
lqfrusrudwhg lq wkh prghov/ vr pxfk zruvh iru wkh prghov1 Qhyhuwkhohvv/ kdylqj
wr lqfoxgh d frpprglw| sulfh lq wkh YDU fdq eh glvwxuelqj li d uhvhdufkhu lv
wu|lqj wr eulqj d prgho wr wkh gdwd dqg vkh lv lqwhuhvwhg lq lghqwli|lqj doo vkrfnv/
ru dq|zd| pruh wkdq mxvw PS vkrfnv1 Iru h{dpsoh/ krz duh zh wr lqwhusuhw
wkh vwuxfwxudo vkrfnv li wkh YDU kdv wzr sulfh ohyhov/ vd| FSL dqg frpprglw|
sulfhv/ exw wkh wkhruhwlfdo prgho rqo| kdv rqhB Dgglqj yduldeohv wr wkh YDU
wr vroyh wkh sulfh sx}}oh pdnhv lqwhusuhwdwlrq dqg lghqwl?fdwlrq ri vkrfnv rwkhu
wkdq wkh PS vkrfn pruh sureohpdwlf dqg ohvv prgho0gulyhq1 Wklv sdshu dujxhv
wkdw wklv vlwxdwlrq pd| eh dyrlgdeoh1
Wkh sdshu h{soruhv wkh srvvlelolw| wkdw wkh sulfh sx}}oh pd| eh gxh wr vrph0
wklqj rwkhu wkdq wkh rplvvlrq ri d yduldeoh xvhixo lq iruhfdvwlqj lq dwlrq +vxfk
dv d frpprglw| sulfh,1 Lw vkrzv wkdw d zlgh fodvv ri prghov surgxfh d sulfh
sx}}oh zkhq vxemhfwhg wr d vhhplqjo| lqqrfhqw plvvshfl?fdwlrq frpprq lq ds0
solhg uhvhdufk= rqo| rxwsxw lv xvhg lq dssolfdwlrqv zkloh wkhru| dovr vshdnv ri
wkh rxwsxw jds1 Wkh lqwxlwlrq lv wkdw vlqfh wkh rxwsxw jds lv rplwwhg iurp wkh
lq dwlrq htxdwlrq/ wkh lqwhuhvw udwh vsxulrxvo| dsshduv lq wkdw htxdwlrq zlwk
d srvlwlyh frh!flhqw/ ehfdxvh wkh lqwhuhvw udwh uhdfwv srvlwlyho| wr rxwsxw jds
lqfuhdvhv dqg wkxv dfwv dv d sur{| iru wkdw rplwwhg yduldeoh1
Wkh uhvw ri wkh sdshu surfhhgv dv iroorzv1 Vhfwlrq 5 suhvhqwv d prgho iru
prqhwdu| srolf| dqdo|vlv +Vyhqvvrq/ 4<<:,/ zklfk lqfrusrudwhv lq d vlpsoh irup
vrph nh| ihdwxuhv ri pruh frpsoh{ prghov dqg dgplwv d wuldqjxodu lghqwl?fd0
wlrq vfkhph lq wkh rughu= srwhqwldo rxwsxw +ru rxwsxw jds,/ rxwsxw/ lq dwlrq
dqg lqwhuhvw udwh1 Wdnlqj wkh prgho dv wkh gdwd jhqhudwlqj surfhvv +GJS,/ wklv
vhfwlrq ghulyhv dqdo|wlfdo uhvxowv rq wkh frqvhtxhqfhv ri hvwlpdwlqj d wkuhh ydul0
6deoh YDU wkdw lqfoxghv rxwsxw exw qrw wkh rxwsxw jds1 Dprqj rwkhu wklqjv/ d
sulfh sx}}oh hphujhv dqg wkh yduldqfh ri wkh PS vkrfnv lv ryhuhvwlpdwhg1 Wkh
lpsdfw ri d PS vkrfn rq rxwsxw lv dovr ryhuhvwlpdwhg1 Wkh frqvhtxhqfhv ri wkh
plvvshfl?fdwlrq duh dovr vkrzq wkurxjk lpsxovh uhvsrqvhv/ jlylqj pruh froru wr
wkh dqdo|wlfdo uhvxowv1
Wkhvh uhvxowv uhvw rq yhu| plog dvvxpswlrqv rq wkh wudqvplvvlrq phfkdqlvp
ri prqhwdu| srolf|/ pdlqo| wkdw prqhwdu| srolf| d>hfwv rxwsxw zlwk d odj dqg
sulfhv zlwk d orqjhu odj/ d ihdwxuh iru zklfk wkhuh lv vwurqj hpslulfdo vxssruw dqg
zlgh djuhhphqw1 Wkhuhiruh wkh uhvxowv h{whqg wr d ulfk fodvv ri prghov +Vhfwlrq
516,/ zklfk lqfoxgh plfurirxqghg dqg iruzdug0orrnlqj prghov vxfk dv Fodulgd/
Jdol dqg Jhuwohu +4<<<,/ Vyhqvvrq +5333d,/ dqg Fkulvwldqr/ Hlfkhqedxp dqg
Hydqv +5334,1
Vhfwlrq 6 wdnhv wkh wkhru| wr wkh gdwd/ xvlqj dv rxwsxw jds d phdvxuh ri
fdsdflw| xwlol}dwlrq surgxfhg e| wkh Ihghudo Uhvhuyh Erdug1 D wkuhh yduldeoh
YDU lq wkh rughu= rxwsxw jds/ lq dwlrq dqg ihghudo ixqgv udwh/ lv frpsduhg wr
d YDU lqfoxglqj rxwsxw udwkhu wkdq wkh rxwsxw jds1 Wkh vhfrqg YDU surgxfhv
d odujh sulfh sx}}oh/ wkh ?uvw qrqh1 Lq wkh ?uvw YDU prqhwdu| srolf| lv pruh
hqgrjhqrxv dqg dffrxqwv iru pxfk ohvv ri wkh iruhfdvw huuru yduldqfh ri rxwsxw1
Ryhudoo/ wkh uhvxowv surgxfhg e| wkh ?uvw YDU duh forvhu wr wkrvh lpsolhg e|
wkhru| dqg e| odujhu YDUv wkdw lqfoxgh d frpprglw| sulfh1 Wkh uhvxowv duh
vkrzq wr eh urexvw wr d ydulhw| ri fkdqjhv1 Vhfwlrq 614 hvwlpdwhv d irxu yduldeoh
YDU +ghulyhg iurp wkh prgho, lq wkh rughu= srwhqwldo rxwsxw/ rxwsxw/ lq dwlrq/
ihghudo ixqgv udwh/ dqg ?qgv wkdw doo uhvxowv duh xqdowhuhg/ dv suhglfwhg1 Vhfwlrq
7 dujxhv wkdw wkh frpprglw| sulfh lqgh{ grhv qrw vroyh wkh sulfh sx}}oh ehfdxvh
lw lv xvhixo lq iruhfdvwlqj lq dwlrq/ exw udwkhu ehfdxvh lw lv fruuhodwhg zlwk wkh
rxwsxw jds1 Vhfwlrq 8 frqfoxghv1
75 D vlpsoh prgho iru prqhwdu| srolf| dqdo|vlv=
Vyhqvvrq +4<<:,
Wkh pdlq wkhph ri wklv sdshu lv wkdw wkh rplvvlrq iurp wkh YDU ri d phdvxuh
ri rxwsxw jds lv suhglfwhg wr jhqhudwh d sulfh sx}}oh lq d fodvv ri prghov gh?qhg
e| plog dvvxpswlrqv rq wkh wudqvplvvlrq phfkdqlvp ri prqhwdu| srolf|1 Zkloh
wklv uhvxow dssolhv wr d ulfk fodvv ri iruzdug0orrnlqj prghov/ wr rewdlq dqdo|wlfdo
vroxwlrqv L zloo zrun zlwk d edfnzdug0orrnlqj prgho gxh wr Vyhqvvrq +4<<:,1
Vhfwlrq 516 gh?qhv wkh ihdwxuhv d prgho vkrxog lqfrusrudwh wr surgxfh d sulfh
sx}}oh zkhq lqfruuhfwo| hvwlpdwhg/ pdlqo| wkdw prqhwdu| srolf| d>hfw rxwsxw
zlwk d odj dqg lq dwlrq zlwk d orqjhu odj1 Wkhuh lw lv dujxhg wkdw wkh hpslulfdo
vxssruw iru vxfk ihdwxuhv lv yhu| vwurqj/ dqg wkdw vhyhudo uhfhqw GVJH prg0
hov kdyh lqfrusrudwhg wkhp lq dq dwwhpsw wr lpsuryh hpslulfdo shuirupdqfh/
lqfoxglqj Urwhpehuj dqg Zrrgirug +4<<:,/ Fodulgd/ Jdol dqg Jhuowhu +4<<<,/
Vyhqvvrq +5333d,/ dqg Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +5334,1
Vyhqvvrq +4<<:, lv d prgho ghvljqhg wr fdswxuh vrph nh| ihdwxuhv ri wkh
wudqvplvvlrq phfkdqlvp ri prqhwdu| srolf|1 Wkh vdph prgho lv xvhg lq Uxgh0
exvfk dqg Vyhqvvrq +4<<<,/ lq Mxgg dqg Uxghexvfk +4<<;,/ lq Kdqvhq dqg
Vdujhqw +5333d/ 5333e/ 5334, dqg/ h{whqghg wr d vpdoo rshq hfrqrp|/ lq Edoo
+4<<<,1 D iruzdug0orrnlqj yhuvlrq dsshduv lq Fodulgd/ Jdol dqg Jhuwohu +4<<<,
dqg lq Vyhqvvrq +5333d dqg 5333e,1 Urphu +5333, suhvhqwv wkh vdph prgho
dv dq lpsuryhphqw ryhu wkh wudglwlrqdo LV0OP1 Wkh prgho frqvlvwv ri dq LV
htxdwlrq/ d Skloolsv fxuyh dqg d Wd|oru uxoh rewdlqhg iurp wkh prqhwdu| dx0
wkrulw|*v rswlpl}dwlrq sureohp1 Wklv fruh wkuhh0htxdwlrq vwuxfwxuh lv vkduhg e|
pdq| uhfhqw Qhz0Nh|qhvldq prghov iru prqhwdu| srolf| dqdo|vlv1 D glvwlqfwlyh
ihdwxuh ri wkh prgho lv wkdw lw lqfrusrudwhv ghod|v lq wkh wudqvplvvlrq ri prqh0
wdu| srolf|1 Prqhwdu| srolf| fdq d>hfw rxwsxw rqo| zlwk d odj1 Rxwsxw/ lq wxuq/
d>hfwv lq dwlrq zlwk d odj1 Vlqfh wkh wudqvplvvlrq iurp srolf| dfwlrq wr sulfhv
8jrhv wkurxjk rxwsxw yduldwlrqv/ prqhwdu| srolf| d>hfwv sulfhv zlwk wzr odjv1
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w.4> +4,
zkhuh lw lv d vkruw whup lqwhuhvw udwh vhw e| wkh prqhwdu| dxwkrulw|/ |j lv wkh
rxwsxw jds/ gh?qhg dv |
j
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w /z k h u h\w lv wkh orj ri rxwsxw dqg \ Q
w wkh
orj ri qdwxudo +ru 3srwhqwldo4, rxwsxw1 Qdwxudo rxwsxw lv dvvxphg wr iroorz dq
h{rjhqrxv DU+4, surfhvv6
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Wkh Skloolsv fxuyh lv prghoohg dv




Doo vkrfnv duh llg17 Wkh| duh odehoohg= djjuhjdwh ghpdqg vkrfn/ whfkqrorj|
vkrfn dqg frvw0sxvk vkrfn1 Ghqrwh wkhlu vwdqgdug ghyldwlrqv e| ￿DG>￿ Q>
￿FS1 Wkh prgho lv vxssohphqwhg e| d orvv ixqfwlrq iru wkh prqhwdu| dxwkrulw|







w.l,5 .+ ￿w.l ￿ ￿œ,5‘= +7,
W k hv r o x w l r qw d n h vw k hi r u pr idW d | o r uu x o h+ V h hV y h q v v r q+ 4 < < : ,i r uw k hf o r v h g 0
irup vroxwlrq1 Vlqfh wkh prgho lv edfnzdug0orrnlqj wkh glvfuhwlrqdu| vroxwlrq
dqg wkh frpplwphqw vroxwlrq duh wkh vdph,=
lw @ ￿￿￿w . ￿||
j
w= +8,
D prqhwdu| srolf| vkrfn fdq eh dgghg e| dvvxplqj wkdw wkh Wd|oru uxoh lv qrw
iroorzhg ghwhuplqlvwlfdoo|1 Lq wkdw fdvh/ wkh vkrfn ￿PS zlwk vwg ￿PS lv dgghg
wr wkh Wd|oru uxoh1
6Vyhqvvrq +4<<:, pdnhv qr dvvxpswlrq derxw srwhqwldo rxsxw1 L iroorz Vyhqvvrq +5333d
dqg 5333e, lq dvvxplqj dq DU+4, surfhvv1
7Wkh dvvxpswlrq ri ￿￿_ vkrfnv lv qrw sduwlfxoduo| uhvwulfwlyh/ dv pruh odjv fdq eh dgghg wr
htxdwlrqv E￿￿ wr E￿￿ zlwkrxw dq| gl!fxow|1
9514 Wkh fruuhfw lghqwl?fdwlrq
DG vkrfnv d>hfw rxwsxw exw qrw lq dwlrq frqwhpsrudqhrxvo| zkloh PS vkrfnv
d>hfw qhlwkhu rxwsxw qru lq dwlrq frqwhpsrudqhrxvo|1 Whfkqrorj| vkrfnv lq0
fuhdvh rxwsxw frqwhpsrudqhrxvo|/ ohdylqj rxwsxw jds/ lq dwlrq dqg lqwhuhvw udwh
xqfkdqjhg +wkh h{whqvlrq ri Vhfwlrq 516 fdq dffrprgdwh whfkqrorj| vkrfnv wkdw
d>hfw doo yduldeohv,1 Wkh prgho gholyhuv d wkuhh yduldeoh YDU zlwk wuldqjxodu
lghqwl?fdwlrq lq wkh rughu= rxwsxw jds/ lq dwlrq/ lqwhuhvw udwh +rxwsxw jds dqg
lq dwlrq fdq eh uhyhuvhg,1 Irxu yduldeoh irupxodwlrqv duh dovr dgplvvleoh/ zlwk
dq| wzr ri rxwsxw/ rxwsxw jds/ qdwxudo rxwsxw/ dssursuldwho| rughuhg1 Krz0
hyhu/ wkh prgho grhv qrw mxvwli| d wkuhh yduldeoh YDU lqfoxglqj rxwsxw/ lq dwlrq
dqg lqwhuhvw udwh/ zklfk lv wkh fruh ri YDUv wkdw uhvhdufkhuv kdyh hvwlpdwhg lq
sudfwlfh18
515 Iurp wkh YDU lpsolhg e| wkhru| wr wkh hpslulfdo
YDU/ wdnlqj d idovh vwhs
Ohw wkh GJS eh jlyhq e| htxdwlrqv +4, ￿ +8,1 Wkh Wd|oru uxoh lv dvvxphg
ghwhuplqlvwlf iru vlpsolflw| +doo uhvxowv jhqhudol}h wr wkh fdvh ￿PS A 3=w k h
Dsshqgl{ vkrzv wkh irup wdnhq e| wkh v|vwhp li ￿PS A 3> dqg d vlpxodwlrq iru
wklv fdvh dsshduv odwhu lq wklv vhfwlrq,1 Vxssrvh wkdw d uhvhdufkhu hvwlpdwhv d
YDU lqfoxglqj= rxwsxw/ lq dwlrq dqg lqwhuhvw udwh +lghqwl?h gl qw k hv d p hr u g h u ,
exw qrw wkh rxwsxw jds19 Zkdw duh wkh h>hfwv ri wklv frpprq dqg vhhplqjo|
lqqrfhqw fkdqjhB
L vwduw lqyhvwljdwlqj wkh frqvhtxhqfhv ri wklv plvvshfl?fdwlrq e| uhodwlqj wkh
wuxh vwuxfwxudo prylqj dyhudjh uhsuhvhqwdwlrq wr wkh rqh uhfryhuhg e| wkh plv0
vshfl?hg YDU1 Wr dyrlg pl{lqj sureohpv ri plvvshfl?fdwlrq dqg ri sdudphwhu
8Vrph h{fhswlrqv duh Urwhpehuj dqg Zrrgirug +4<<:,/ Ohlfkwhu dqg Zdovk +4<<<, dqg
Uxghexvfk dqg Vyhqvvrq +4<<<,1
9Wklv jurxs ri wkuhh yduldeohv/ zlwk wklv vdph rughulqj/ soxv d frpprglw| sulfh lqgh{
rughuhg diwhu sulfhv/ lv wkh fruh ri wkh iudphzrun YDU prgho iru prqhwdu| srolf| dqdo|vlv
+vhh/ iru h{dpsoh/ Edjoldqr dqg Idyhur +4<<;, dqg Idyhur/ 5333,1
:xqfhuwdlqw| gxh wr vpdoo vdpsoh vl}h/ dvvxph wkdw wkh vdpsoh lv odujh1 Wkh
GJS kdv d YDU+4, uhsuhvhqwdwlrq
D3[w @ D4[w￿4 . ￿w>
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Wkh uhvhdufkhu lv hvwlpdwlqj d YDU lq \>￿>l:/ zrunlqj xqghu wkh +huurqhrxv,
dvvxpswlrq wkdw wkh prylqj dyhudjh uhsuhvhqwdwlrq iru wkh vwuxfwxudo uhvlgxdov









w @ i\w>￿ w/ lwj= Wkh uhvhdufkhu lghqwl?hv wkh v|vwhp e| dvvxplqj wkdw
Gœ
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lv wkh yduldqfh0fryduldqfh pdwul{ ri wkh uh0






















:Wkurxjkrxw wkh sdshu L uhihu wr wkh YDU lq rxwsxw/ lq dwlrq dqg lqwhuhvw udwh dv 3plv0
vshfl?hg YDU41
;Li ￿PS @3 > wkh h{foxvlrq ri \ Q surgxfhv qr orvv ri ?wl qd q |h t x d w l r q /du h v x o w
gulyhq e| wkh ghwhuplqlvwlf irup ri wkh Wd|oru uxoh wkdw doorzv wr uhwulhyh \ Q
+dqg wkxv |j, zlwk qr huuru dv d olqhdu frpelqdwlrq ri wkh wkuhh yduldeohv ri wkh
v|vwhp1 Wkhuhiruh wkh plvvshfl?hg YDU surgxfhv rswlpdo iruhfdvwv ri lq dwlrq
dw doo wlph krul}rqv/ h{foxglqj wkh srvvlelolw| wkdw wkh vwdqgdug h{sodqdwlrq iru










5 lv wkh 6 ß 6 pdwul{ rewdlqhg ghohwlqj wkh ?uvw urz dqg wkh ?uvw
froxpq ri G3G
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Wkh uhodwlrqv ehwzhhq wkh dfwxdo dqg hvwlpdwhg vkrfnv duh vwudljkwiruzdugo|






DG= Wkh yduldqfh ri wkh odehoohg DG vkrfn lv wkh vxp ri wkh
yduldqfhv ri wkh DG vkrfn dqg ri wkh whfkqrorj| vkrfn1 Wkh lpsruwdqfh

















wkdw lv wkh rxwsxw jds frh!flhqw lq wkh Wd|oru uxoh lv xqghuhvwlpdwhg1
Vrph vlpsoh dojheud jlyhv ￿|￿DG ￿￿œ
|￿œ





Wklv phdqv wkdw w k hl q w h q v l w |r iw k hu h v s r q v hr iw k hp r q h w d u |
dxwkrulw| wr d rqh vwg DG vkrfn lv xqghuhvwlpdwhg hyhq wkrxjk wkh
vwg ri DG vkrfnv lv ryhuhvwlpdwhg1 Wkh lqwxlwlrq lv wkdw vrph xqiruhfdvwhg
<pryhphqwv lq rxwsxw duh gxh wr whfkqrorj| vkrfnv/ wr zklfk prqhwdu|
srolf| grhv qrw uhvsrqg1 Vlqfh wkh plvvshfl?hg YDU uhjlvwhuv d vpdoo
dyhudjh uhdfwlrq ri wkh lqwhuhvw udwh wr xqiruhfdvwhg rxwsxw pryhphqwv/ wkh




FS/ iroorzlqj iurp wkh idfw wkdw e54 @3 1
71 Ilqdoo|/ w k hy d u l d q f hr iPS vkrfnv lv ryhuhvwlpdwhg1W rg h u l y hw k h








































Hyhq wkrxjk wkh Wd|oru uxoh lv ghwhuplqlvwlf/ wkh YDU ?qgv wkdw wkh yduldqfh
ri wkh odehoohg PS vkrfn lv vwulfwo| srvlwlyh1 Wkh lqwxlwlrq lv wkdw vlqfh wkh
lqwhuhvw udwh grhv qrw uhdfw lq wkh vdph zd| wr whfkqrorj| dqg DG vkrfnv/
zkhq d pryhphqw lq rxwsxw +ri d jlyhq dprxqw, lv revhuyhg wkh YDU zloo
vrphwlphv uhjlvwhu d fhuwdlq fkdqjh lq wkh lqwhuhvw udwh +zkhq wkh pryhphqw lv
fdxvhg e| dq DG vkrfn, dqg vrphwlphv d gl>huhqw fkdqjh +zkhq fdxvhg e| d
whfkqrorj| vkrfn, dqg zloo eh wulfnhg lqwr lqwhusuhwlqj wklv dv udqgrp ehkdylru
ri wkh prqhwdu| dxwkrulw|1; Li ￿PS A 3/ wkh uljkw0hqg0vlgh ri htxdwlrq +;, jlyhv
d orzhu erxqg iru ￿œ5
PS ￿ ￿5
PS= Qrwlfh wkdw li ￿Q @3 / doo plvvshfl?fdwlrqv
glvdsshdu/ dv wkh| vkrxog vlqfh lq wkdw fdvh |
j
w @ \w1
;Lq wklv prgho wkh lqwhuhvw udwh grhv qrw uhdfw dw doo wr whfkqrorj| vkrfnv/ exw wkh lqwxlwlrq
dssolhv pruh jhqhudoo|/ dv orqj dv whfkqrorj| dqg ł( vkrfnv gr qrw kdyh wkh vdph lpsdfw rq
rxwsxw dqg wkh lqwhuhvw udwh1
43L qrz xvh wkh uhvxow wkdw ￿œ
PS A 3 wr suryh wkdw wkh plvvshfl?hg v|vwhp zloo
glvsod| d sulfh sx}}oh1 Wkh vwudwhj| lv wr ghulyh wkh frh!flhqwv ri wkh lq dwlrq
htxdwlrq lq wkh plvvshfl?hg YDU1






+lw ￿ ￿￿￿w,> +<,
dqg vxevwlwxwh lw lqwr wkh Skloolsv uhodwlrq1 Wklv |lhogv








Htxdwlrq +43, lv erwk wkh lq dwlrq htxdwlrq lq wkh YDU dqg wkh vwuxfwxudo
htxdwlrq ri wkh uhfxuvlyh v|vwhp/ vlqfh e54 @3+vhh +:,, lpsolhv wkdw \w.4 kdv d
}hur frh!flhqw1 Li ￿Q @3 / lw iroorzv wkdw |
j
w @ \w> vr wkhuh lv qr plvvshfl?fdwlrq
dqg +43, lv htxlydohqw wr
￿w.4 @ ￿w . ￿|\w . ￿FS
w.4= +44,
\w>￿ w> dqg lw duh wkhq shuihfwo| froolqhdu dqg fkrrvlqj ehwzhhq +43, dqg +44,
lv d pdwwhu ri wdvwh1 Rq wkh rwkhu kdqg/ li ￿Q A 3> qr rwkhu dxwruhjuhvvlyh
uhsuhvhqwdwlrq ?wv dv zhoo dv +43,1 Wkhuhiruh ROV zloo uhwulhyh +43,1 Wkh uhdvrq
zk| lw dsshduv zlwk d srvlwlyh frh!flhqw lq +43, lv wkdw pryhphqwv lq wkh
lqwhuhvw udwh khos uhwulhyh pryhphqwv lq wkh rxwsxw jds/ zklfk lv rplwwhg1 Vlqfh
￿|@￿| A 3 dqg rxwsxw grhv qrw dsshdu lq wkh htxdwlrq/ wkh lpsdfw ri d wkh
uhwulhyhg PSœ vkrfn +zklfk fdxvhv lw wr eh kljkhu wkdq iruhfdvwhg, rq lq dwlrq
lv hvwlpdwhg wr eh }hur frqwhpsrudqhrxvo| dqg srvlwlyh dw rqh odj1 Lq rwkhu
zrugv/ d srvlwlyh uhvsrqvh ri lq dwlrq wr d frqwudfwlrqdu| PS vkrfn +d sulfh
sx}}oh, dw odj rqh lv jxdudqwhhg dv orqj dv wkh yduldqfh ri wkh uhwulhyhg PS
vkrfnv lv hvwlpdwhg wr eh vwulfwo| srvlwlyh/ zklfk zloo eh wkh fdvh li ￿Q A 3




vr lw jurzv zlwk wkh yduldqfh ri whfkqrorj| vkrfnv +vhh htxdwlrq +;,,1 Li wkh
44hfrqrphwulfldq lv rughulqj wkh lqwhuhvw udwh ?uvw vkh zloo rewdlq dq hyhq pruh
surqrxqfhg sulfh sx}}oh/ vlqfh ￿œ
PS lv reylrxvo| odujhu dqg wkh lq dwlrq htxdwlrq
zloo vkrz d srvlwlyh frh!flhqw rq wkh frqwhpsrudqhrxv ydoxh ri wkh lqwhuhvw udwh/
vr wkh lpsxovh uhvsrqvh wr d frqwudfwlrqdu| PS vkrfn zloo vkrz lq dwlrq udlvlqj
lpphgldwho|1<
Wr jdlq ixuwkhu xqghuvwdqglqj ri wkh sx}}oh/ lw lv xvhixo wr vkrz wkdw wkh
plvvshfl?hg PSœ vkrfnv duh srvlwlyho| fruuhodwhg zlwk wkh wuxh DG vkrfnv dqg
qhjdwlyho| fruuhodwhg zlwk wkh wuxh whfkqrorj| vkrfnv1
Lq wkh GJS/ wkh rqh0vwhs0dkhdg iruhfdvw huuru lv jlyhq e|
lw.4 ￿ Hwlw.4 @ ￿|￿DG
w.4 . ￿￿￿FS
w.4> +45,
zkloh wkh rqh0vwhs0dkhdg iruhfdvw huuru lq wkh plvvshfl?hg prgho lv jlyhq e|
lw.4 ￿ Hœ






Dvwhulvnv ghqrwh wkh vkrfnv rewdlqhg iurp wkh plvvshfl?hg YDU1 Vlqfh wkh
dvvxpswlrq wkdw ￿PS @3lpsolhv Hwlw.4 @ Hœ
w lw.4> zh fdq htxdwh wkh uljkw0







w.4 wr rewdlq dv h{suhvvlrq iru ￿œPS>
￿œPS















DG A 3 jlyhv
fry+￿œPS
w.4 >￿ DG
w.4,@+ ￿| ￿ ￿œ
|,￿5





Q ? 3= +49,
Wkhvh uhvxowv surylgh ixuwkhu lqwxlwlrq iru wkh ruljlq ri wkh sulfh sx}}oh=
wkh plvvshfl?hg prqhwdu| srolf| vkrfnv duh srvlwlyho| fruuhodwhg zlwk wkh wuxh
<Wkh h{lvwhqfh ri d sulfh sx}}oh grhv qrw ghshqg fuxfldoo| rq wkh idfw wkdw wkh fhqwudo
edqnhu fdq revhuyh lq dwlrq dqg wkh rxwsxw jds frqwhpsrudqhrxvo| +vhh Vhfwlrq 516,1
45djjuhjdwh ghpdqg vkrfn/ zklfk lq wxuq udlvh lq dwlrq zlwk d odj1 Vlqfh dw odj
rqh wkh wuxh prqhwdu| srolf| vkrfnv fdqqrw d>hfw lq dwlrq/ rqo| wkh vsxulrxv
sduw lv dfwlyh dw odj rqh/ vr zh duh fhuwdlq wr ?qg d sulfh sx}}oh1 Pruhryhu/
prqhwdu| srolf| vkrfnv duh vsxulrxvo| fruuhodwhg zlwk whfkqrorj| vkrfnv1 Wklv
phdqv wkdw wkh plvvshfl?hg lpsxovh uhvsrqvh ri rxwsxw wr d frqwudfwlrqdu|
prqhwdu| srolf| vkrfn lv frqwdplqdwhg e| wkh uhvsrqvh ri rxwsxw wr d qhjdwlyh
whfkqrorj| vkrfn1 Li srwhqwldo rxwsxw lv pruh shuvlvwhqw wkdq wkh rxwsxw jds/
wkh uhvsrqvh ri rxwsxw wr d prqhwdu| srolf| vkrfn zloo eh orqjhu olyhg wkdq wkh
wuxh rqh1
Wkhuh duh pruh srwhqwldoo| huurqhrxv frqfoxvlrqv wkdw fdq eh ghulyhg iurp
wkh plvvshfl?hg v|vwhp1 Wr looxvwudwh wkhp/ L rewdlq wkh uhgxfhg irup htxdwlrq





w xvlqj wkh gh?qlwlrq/ |
j
w @ \w ￿ \ Q
w = Pryh \ Q
w.4 wr wkh uljkw0
kdqg0vlgh dqg vxevwlwxwh lw xvlqj +5,= Wklv ohdyhv ￿Q
w.4 dqg \ Q
w rq wkh uljkw0
kdqg0vlgh1 Ilqdoo|/ holplqdwh \ Q
w iurp wkh uljkw0kdqg0vlgh e| uhduudqjlqj +<,
dv
\ Q
w @ \w ￿
4
￿|
+lw . ￿￿￿w,> +4:,
zklfk jlyhv wkh htxdwlrq iru rxwsxw lq wkh plvvshfl?hg prgho
\w.4 @ ª\w .^ + ª ￿ æ|,
￿￿
￿|
. æu‘￿w ￿ ^+ª ￿ æ|,
4
￿|
. æu‘lw . ￿DG
w.4 . ￿Q
w.4= +4;,
Li ªAæ |/ dv sodxvleoh/ wkh h>hfw ri d jlyhq lqwhuhvw udwh vkrfn rq rxwsxw rqh
vwhs dkhdg lv ryhuhvwlpdwhg/ vlqfh wkh frh!flhqw dwwdfkhg wr lw lv odujhu wkdq
æu1
Wkh ghulydwlrq ri +43, dqg +4;, dvvxphg wkdw wkh Wd|oru uxoh lv ghwhuplq0
lvwlf1 Wkh Dsshqgl{ vkrzv wkh irup wdnhq e| wkh v|vwhp li ￿PS A 3> dqg d
vlpxodwlrq iru wklv fdvh dsshduv odwhu lq wklv vhfwlrq1 Li ￿PS A 3/w k hp l v v s h f 0
l?hg v|vwhp +\>￿>l, lv qr orqjhu YDU+4,/ exw YDUPD+5/4,1 Wklv lpsolhv wkdw
46wkh hfrqrphwulfldq zkr lv vhohfwlqj d odj ohqjwk iru d YDU lv olnho| wr fkrrvh
d YDU zlwk pruh wkdq rqh odj/ dqg zloo surgxfh vxe0rswlpdo ?w dqg iruhfdvwv
hyhq lv vkh hvwlpdwhv d YDUPD+5/4,1
D pruh frpsohwh slfwxuh ri wkh frqvhtxhqfhv ri wkh plvvshfl?fdwlrq fdq eh
jdlqhg iurp orrnlqj dw lpsxovh uhvsrqvhv1 Wkh h{shulphqw lv dv iroorzv1 Hdfk
judsk sorwv wkh uhvsrqvh ri rxwsxw ru lq dwlrq ru lqwhuhvw udwh wr d vkrfn lq
wkh wkhruhwlfdo hfrqrp| wrjhwkhu zlwk wkh uhvsrqvh wr wkh vdph vkrfn lq wkh
plvvshfl?hg wkuhh yduldeoh YDU +rxwsxw/ lq dwlrq/ lqwhuhvw udwh,1
Wkh prgho sdudphwhuv duh vhw dv lq Edoo +4<<<,= ￿| @3 =7>æ | @3 =;>æ u @4 =
Uh hfwlqj wkh lghd wkdw srwhqwldo rxwsxw lv d kljko| shuvlvwhqw surfhvv/ ª @3 =<;1
Wkh vwdqgdug ghyldwlrqv duh ￿DG @ ￿FS @ ￿Q @4 1 Iru hdvh ri frpsdulvrq/
wkh sdudphwhuv lq wkh Wd|oru ixqfwlrq duh qrw vhw wr wkh rswlpdo ydoxh lq hdfk
fdvh/ exw duh nhsw frqvwdqw dw ￿| @3 =8>￿ ￿ @4 =8143 Wkhvh sdudphwhuv duh
nhsw ?{hg1 Wkh rqo| gl>huhqfh ehwzhhq Iljxuh 4 dqg Iljxuh 5 lv wkh vwdqgdug
ghyldwlrq ri wkh wuxh prqhwdu| srolf| vkrfn1 Lq Iljxuh 4 ￿PS @3 / vr doo uhvxowv
duh dqdo|wlfdo1 Uhfdoo wkdw wkh gl>huhqfhv ehwzhhq wkhruhwlfdo dqg plvvshfl?hg
uhvsrqvhv fdqqrw eh dffrxqwhg iru e| sdudphwhu xqfhuwdlqw|1 Wkh uhvsrqvh ri
rxwsxw wr d odehoohg DG vkrfn lv kljkhu wkdq wkh wuxh rqh xsrq lpsdfw dqg
pruh shuvlvwhqw wkhuhdiwhu/ zkloh wkh uhvsrqvh ri wkh lqwhuhvw udwh wr dq DG
vkrfn lv xqghuhvwlpdwhg1 Lq wkh orz0uljkw fruqhu/ qrwlfh wkdw wkh hvwlpdwhg vwg
ri d PS vkrfn/ zklfk lv }hur lq wkh GJS/ lv d vxevwdqwldo 31681 Wkhuhiruh lq wkh
yduldqfh ghfrpsrvlwlrq ri doo yduldeohv wkh uroh ri PS vkrfnv/ zklfk lv wuxo|
}hur/ lv hvwlpdwhg wr eh srvlwlyh1 Wkh sulfh sx}}oh kdv zduqlqj sursruwlrqv1 Wkh
uhvsrqvh ri rxwsxw wr d plvvshfl?hg PS vkrfn lv kljko| shuvlvwhqw/ uh hfwlqj
w k hi d f ww k d ww k hp l v v s h f l ?hg PS vkrfnv duh qhjdwlyho| fruuhodwhg zlwk wkh wuxh
whfkqrorj| vkrfnv1
43Wkh rswlpdo ydoxh ri wkh sdudphwhuv ri wkh Wd|oru ixqfwlrq kdv d forvhg irup vroxwlrq
jlyhq lq Vyhqvvrq +4<<:,1
47Iljxuh 4= Wuxh lpsxovh uhvsrqvhv +vrolg olqh, dqg lpsxovh uhvsrqvhv iurp plv0
vshfl?hg YDU +gdvkhg olqh,1 ￿PS @3 =
48Lq wkh vhfrqg h{shulphqw d vwrfkdvwlf hohphqw lv dgghg wr wkh ehkdylru ri
wkh prqhwdu| dxwkrulwlhv e| vhwwlqj ￿PS @4 = Wkh uhvxowv duh glvsod|hg lq Ilj0
xuh 51 Dv suhylrxvo| dujxhg/ wkh plvvshfl?hg v|vwhp lv qr orqjhu YDU+4, zkhq
￿PS A 3> dqg lpsxovh uhvsrqvhv iru wkh plvvshfl?h gY D Uk d y hw re hr e w d l q h g
qxphulfdoo| li zh duh wr jlyh wkh plvvshfl?hg prgho lwv ehvw fkdqfh144 Sruwpdq0
whdx whvw ri uhvlgxdo fruuhodwlrq lv ?uvw sdvvhg dw irxu odjv/ vr d YDU+7, lv ?ww r
wkh plvvshfl?hg v|vwhp1 Li ohvv wkdq irxu odjv duh fkrvhq/ wkh plvvshfl?fdwlrqv
pdlqwdlq wkh vdph txdolwdwlyh sdwwhuq exw ehfrph odujhu1 Wkh uhvsrqvh ri wkh
lqwhuhvw udwh wr dq DG vkrfn lv xqghuhvwlpdwhg/ djdlq dv h{shfwhg1 Uhvsrqvhv
wr PS vkrfnv duh rqfh djdlq wkrvh wkdw glvsod| wkh prvw reylrxv plvvshfl?fd0
wlrq1 Rq wkh orz0uljkw fruqhu/ wkh vwg ri wkh PS vkrfn lv ryhuhvwlpdwhg1 Wkh
sulfh sx}}oh lv vxevwdqwldo dqg fdq qrz eh frqiurqwhg zlwk wkh wuxh ehkdylru ri
lq dwlrq lq uhvsrqvh wr d PS vkrfn1 Dv iru wkh uhvsrqvh ri rxwsxw wr d PS
vkrfn/ qrw rqo| lv wkh vl}h ri wkh uhvsrqvh ryhuhvwlpdwhg/ exw wkh uhvsrqvh lv
pxfk orqjhu olyhg wkdq wkh wuxh rqh +wkh uhdvrq ehlqj wkdw wkh uhwulhyhg PS
vkrfnv duh qhjdwlyho| fruuhodwhg zlwk wkh wuxh whfkqrorj| vkrfnv,1 Wkhvh uhvxowv
h{whqg zlwkrxw vxusulvhv wr gl>huhqw frpelqdwlrqv ri ª> ￿Q>￿ PS1
Lq idfw/ wkh pdlq uhvxowv duh ydolg li srwhqwldo rxwsxw lv d qrq0frqvwdqw ghwhu0
plqlvwlf ixqfwlrq ri wlph zkloh wkh rqo| h{rjhqrxv yduldeoh lq wkh plvvshfl?hg
YDU lv d frqvwdqw1 Lq wkdw fdvh htxdwlrq +43, grhv qrw fkdqjh/ zkloh ￿œ
PS A 3/
vlqfh qr frpelqdwlrq ri wkh lqfoxghg yduldeohv lv shuihfwo| fruuhodwhg zlwk wkh
rxwsxw jds= wkhuhiruh wkhuh zloo eh d sulfh sx}}oh1 Vlpxodwlrqv xvlqj ghwhuplq0
lvwlf wuhqgv kdyh vkrzq wkdw wkh h>hfwv ri PS vkrfnv lq wklv fdvh orrn pxfk
olnh lq Iljxuh 51
44Wkh plvvvshfl?hg lpsxovh uhvsrqvhv duh rewdlqhg e| ?wwlqj d YDU rq gdwd jhqhudwhg e|
wkh (C￿1W k h?uvw 833 revhuydwlrqv duh qrw xvhg lq hvwlpdwlrq1 Wkh YDU lv hvwlpdwhg rq
43333 revhuydwlrq wr holplqdwh sdudphwhu xqfhuwdlqw|1
49Iljxuh 5= Wuxh lpsxovh uhvsrqvhv +vrolg olqh, dqg lpsxovh uhvsrqvhv iurp plv0
vshfl?hg YDU+7, +gdvkhg olqh,1 ￿PS @4 =
4:516 Urexvwqhvv ri wkh pdlq uhvxowv dqg iruzdug0orrnlqj
prghov
Wkh dgrswlrq ri d vlpsoh edfnzdug0orrnlqj prgho kdv doorzhg xv wr ghulyh dqd0
o|wlfdo vroxwlrqv1 Krzhyhu/ wkh uhvxow ri d vsxulrxv dsshdudqfh ri d sulfh sx}}oh
krogv lq d zlgh fodvv ri prghov/ zklfk lqfoxgh plfurirxqghg dqg iruzdug0orrnlqj
prghov1 Wkh prghov lq wklv fodvv kdyh d uhgxfhg0irup vroxwlrq fkdudfwhul}hg
e|45 +l, lq dwlrq uhvsrqgv zlwk d odj dqg srvlwlyho| wr wkh rxwsxw jds +ll, wkh
prqhwdu| srolf| dxwkrulw| fdq d>hfw lq dwlrq zlwk qr ohvv wkdq wzr odjv +lll, wkh
rxwsxw jds dsshduv zlwk d srvlwlyh frh!flhqw lq wkh prqhwdu| srolf| ixqfwlrq
dqg +ly, |
j
w fdqqrw eh uhgxfhg wr d olqhdu frpelqdwlrq ri= d frqvwdqw/ \w/ ￿w>
dqg yduleohv gdwhg w ￿ 4 ru hduolhu1
Ryhuhvwlpdwlrq ri PS vkrfnv iroorz iurp wkh idfw wkdw wkh rxwsxw jds ds0
shduv lq wkh wuxh srolf| ixqfwlrq
lw.4 @ ￿||
j
w.4 . ==== +4<,
Vlqfh wkh rxwsxw jds lv rplwwhg lq wkh plvvshfl?hg prgho/ dvvxpswlrq +lll,
lpsolhv wkdw wkh ?w ri wkh htxdwlrq pxvw ghwhulrudwh +qrwlfh wkdw l dqg |j duh
erwk gdwhg w .4 > vr wkh iruhfdvwlqj srzhu qhhg qrw ghwhulrudwh,1 Wkhuhiruh
￿œ
PS A 3 hyhq li ￿PS @3 =
Wkh sulfh sx}}oh jhqhudwhv iurp wkh idfw wkdw wkh srolf| lqvwuxphqw dsshduv
lq wkh plvvshfl?hg lq dwlrq htxdwlrq wr slfn xs wkh uroh ri wkh rplwwhg rxwsxw
jds1 Li wkh uhgxfhg YDU irup +rqo| yduldeoh gdwhg w ru hduolhu lq wkh uljkw0
kdqg0vlgh, ri wkh wuxh lq dwlrq htxdwlrq lv
￿w.4 @ ￿||
j
w . ====> +53,
dqg prqhwdu| srolf| fdqqrw d>hfw lq dwlrq frqwhpsrudqhrxvo| ru dw rqh odj/
wkhq/ uhduudqjlqj +4<, dqg soxjjlqj lw lq +53,> zh*oo ?qg d sulfh sx}}oh ihdwxuh




￿| A 3 dqg ￿œ
PS A 3=
45Wkhvh frqglwlrqv duh vx!flhqw/ qrw qhfhvvdu|1
4;Wkh nh| dvvxpswlrq wkdw PS vkrfnv d>hfw rxwsxw zlwk d odj dqg lq dwlrq
zlwk d orqjhu odj lv vwurqjo| vxssruwhg lq hpslulfdo zrun/ lqfoxglqj YDU vwxglhv/
dqg lv frpprqo| lqfrusrudwhg lq pdfur prghov iru prqhwdu| srolf| dqdo|vlv
+olnh wkh PSV pdfur prgho ri wkh XV,1 Iru h{dpsoh/ Fkulvwldqr/ Hlfkhqedxp
dqg Hydqv +4<<;, lqfoxgh wklv ihdwxuh ri wkh wudqvplvvlrq phfkdqlvp dprqj
wkh cvw|ol}hg idfwv* surgxfhg e| wkh YDU olwhudwxuh rq prqhwdu| srolf|/ dqg xvh
lw wr fdvw grxew rq wkh Oxfdv vxsso| fxuyh/ zklfk lpsolhv d gl>huhqw wlplqj1
Vyhqvvrq +5333d, zulwhv wkdw 3Erwk YDU hylghqfh dqg sudfwlfdo fhqwudo0edqn
h{shulhqfh lqglfdwh wkdw wkhuh lv d vkruwhu odj iru 111 djjuhjdwh ghpdqg wkdq iru
grphvwlf lq dwlrq4146 Fodulgd/ Jdol dqg Jhuwohu +4<<<, djuhh 3111vlqfh pxfk ri
wkh dydlodeoh hylghqfh vxjjhvwv d odj ri vl{ wr qlqh prqwkv lq wkh h>hfw ri d vkliw
lq wkh lqwhuhvw udwh rq rxwsxw1 Wkh odj lq wkh h>hfw ri lq dwlrq lv durxqg d |hdu
d q gdk d o i 4147 Wkh vdph rslqlrq fdq eh irxqg lq Edoo +4<<<,1
Zkloh vrph kljko| vw|ol}hg plfurirxqghg prghov doorz prqhwdu| srolf| wr
kdyh lpphgldwh h>hfwv rq doo yduldeohv/ vhyhudo uhvhdufkhuv kdyh uhfhqwo| lqfrusr0
udwhg wkh wlplqj ri prqhwdu| srolf| lpsolhg e| Vyhqvvrq +4<<:, lq plfurirxqghg/
iruzdug0orrnlqj prghov1 Iru h{dpsoh/ Fodulgd/ Jdol dqg Jhuwohu +4<<<, vxjjhvw
wkh iroorzlqj prgl?fdwlrq ri wkh edvlf Qhz0Nh|qhvldq iudphzrun48/z l w kw k h
prwlydwlrq wkdw 3111wkhuh lv vwurqj hpslulfdo mxvwl?fdwlrq iru lqfrusrudwlqj ghod|v
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zkhuh odjv ri doo yduldeohv frxog eh lqfoxghg lq wkh srolf| ixqfwlrq1 Wkhlu prgho
vdwlv?hv doo wkh frqglwlrqv qhhghg wr jhqhudwh d sulfh sx}}oh +xqohvv/ ri frxuvh/
46Sdjh 45 lq wkh Zrunlqj Sdshu yhuvlrq1
47Sdjh 7: lq wkh Zrunlqj Sdshu yhuvlrq1
48Uhihu wr wkhlu Vhfwlrq 91
4<srwhqwldo rxwsxw lv frqvwdqw,1 Vyhqvvrq +5333d, dovr surylghv d plfurirxqghg/
iruzdug0orrnlqj prgho zklfk lqfrusrudwhv wkh vdph nh| ihdwxuh ri wkh wudqvplv0
vlrq phfkdqlvp1 Ilqdoo|/ Urwhpehuj dqg Zrrgirug +4<<:, dvvxph lqirupdwlrq
ghod|v ru suh0frpplwhphqw wr dfwlrq lq wkhlu prgho wr surgxfh ghod|v lq wkh
wudqvplvvlrq ri prqhwdu| srolf|1
Pruhryhu/ wkh frqglwlrqv iru d sulfh sx}}oh vwdwhg deryh duh vx!flhqw/ qrw
qhfhvvdu|1 Lq sduwlfxodu/ lq dwlrq pd| vwduw prylqj ehiruh wkh vhfrqg shulrg
diwhu d PS dfwlrq= wkh uhvxow zloo jr wkurxjk dv orqj dv wkh lqlwldo pryhphqw
lv vx!flhqwo| vpdoo1 Iru h{dpsoh/ lq d Fdoyr iudphzrun zlwkrxw lqirupdwlrqdo
ghod|v/ wkh lqlwldo uhvsrqvh ri lq dwlrq zloo eh vpdoo li sulfhv duh vx!flhqwo|
vwlfn| +l1h1 wkh suredelolw| ri ehlqj deoh wr fkdqjh sulfhv lv vx!flhqwo| vpdoo,1
Wr wdnh dqrwkhu h{dpsoh ri iruzdug0orrnlqj Skloolsv fxuyh/ frqvlghu Ixkuhu dqg
Prruh +4<<8,1 Wkhlu vhw0xs zloo dovr surgxfh vpdoo lqlwldo uhsrqvhv ri lq d0
wlrq wr d PS vkrfn/ li d vx!flhqwo| vpdoo sursruwlrq ri zdjhv lv uh0frqwudfwhg
lq hdfk shulrg1 Ilqdoo|/ Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +5334, hvwlpdwh
d frpsoh{ plfurxirxqghg/ iruzdug0orrnlqj prgho hpehgglqj vhyhudo uhdo dqg
qrplqdo iulfwlrqv1 Lq wkhlu prgho/ prqhwdu| srolf| fdqqrw d>hfw rxwsxw dqg
lq dwlrq zlwklq wkh shulrg e| dvvxpswlrq1 Diwhu hvwlpdwlqj wkh prgho/ wkh|
frqfoxgh wkdw 3111wkh prgho vxfhhgv lq dffrxqwlqj iru wkh lqhuwldo uhvsrqvh ri lq0
 dwlrq1 Lqghhg/ wkhuh lv qr qrwlfhdeoh ulvh lq lq dwlrq xqwlo urxjko| wkuhh |hduv
diwhu wkh vkrfn1 Wklug/ wkh prgho jhqhudwhv d yhu| shuvlvwhqw uhvsrqvh lq rxwsxw/
z l w kw k hs h d nu h v s r q v hr f f x u u l q jd i w h ur q h| h d u 4149
Qrwlfh wkdw wkh dvvxpswlrqv qhhghg wr surgxfh d sulfh sx}}oh fdq eh vdwlv?hg
dovr e| prghov wkdw=
￿ Kdyh d idlu dprxqw ri frqwhpsrudqhrxv uhdfwlrqv1 Iru h{dpsoh/ lq Vyhqv0
vrq +5333d, d qhjdwlyh whfkqrorj| vkrfn ghfuhdvhv sulfhv zlwk d odj dqg
49Sdjh 591
53wkh rxwsxw jds dqg wkh lqwhuhvw udwh frqwhpsrudqhrxvo|14:
￿ Gr qrw doorz wkh fhqwudo edqn wr revhuyh sulfhv dqg wkh rxwsxw jds frq0
whpsrudqhrxvo|1 Wklv pd| uhtxluh vrph voljkwo| vwurqjhu dvvxpswlrqv rq
wkh wudqvplvvlrq odjv1 Lq Vyhqvvrq +4<<:,/ iru h{dpsoh/ lw zrxog wkhq eh
vx!flhqw wr dvvxph wkdw prqhwdu| srolf| d>hfwv lq dwlrq +vl}hdeo|, rqo|
diwhu wkuhh shulrgv1
￿ Lqfoxgh d pruh frpsoh{ orvv ixqfwlrq iru wkh prqhwdu| dxwkrulw|/ lqwhuhvw
udwh vprrwklqj ehlqj d sduwlfxoduo| lqwhuhvwlqj h{dpsoh1
￿ Gr qrw dvvxph wkdw pdujlqdo frvwv duh sursruwlrqdo wr wkh 3rxwsxw jds41
Wklv odvw srlqw ghvhuyhv vrph glvfxvvlrq1 Zkloh wklv sdshu lv irfxvlqj rq
wkh frqfhsw ri ghyldwlrqv iurp srwhqwldo rxwsxw/ lwv uhvxowv duh qrw frq?qhg wr
prghov zkdw zrun zlwk wkdw frqfhsw1 Zkdw lv gulylqj wkh uhvxow lv wkh suhvhqfh
ri d f|folfdo yduldeoh wr zklfk lq dwlrq dqg prqhwdu| srolf| uhvsrqg/ exw zklfk
lv qrw lqfoxghg lq wkh YDU1 Wklv ohdgv wr wkh lqwhuhvw udwh dsshdulqj lq wkh
lq dwlrq htxdwlrq ri wkh YDU wr fdswxuh pryhphqwv lq wkh rplwwhg f|folfdo
yduldeoh1
6 V r o y l q jw k hs x } } o hr qX Vg d w d
Wkh vwudwhj| wr whvw wkh k|srwkhvlv suhvhqwhg vr idu lv vwudljkwiruzdug=
41 Hvwlpdwh d wkuhh yduldeoh YDU +wkh plvvshfl?hg YDU, lqfoxglqj= rxwsxw
+orj ri uhdo JGS,/ FSL lq dwlrq/ ihghudo ixqgv udwh +vdph lghqwl?fdwlrq
rughulqj,1
51 Hvwlpdwh wkh vdph YDU exw zlwk d phdvxuh ri rxwsxw jds udwkhu wkdq
rxwsxw1 +L fdoo wklv YDUjds,1
4:Fdqryd dqg Slqd +4<<<, kdyh dq h{dpsoh ri plvvshfl?fdwlrq dulvlqj zkhq wkh hfrqrph0
wulfldq lpsrvhv vkruw0uxq uhvwulfwlrqv zkloh wkh GJS grhv qrw kdyh hqrxjk uhvwulfwlrqv rq
frqwhpsrudqhrxv uhvsrqvhv wr lghqwli| dq| vkrfn1
5461 Frpsduh wkh lpsxovh uhvsrqvhv ri wkh wzr YDUv dqg fkhfn zkhwkhu wkh|
ehkdyh dv suhglfwhg e| wkh dqdo|vlv ri Vhfwlrq 51
Lq uhodwlrq wr wkh vhfrqg srlqw/ d YDU lqfoxglqj= d phdvxuh ri rxwsxw jds/
lq dwlrq dqg ihghudo ixqgv udwh lv hvwlpdwhg lq Uxghexvfk dqg Vyhqvvrq +4<<<,
dqg lw grhv qrw surgxfh d vljql?fdqw sulfh sx}}oh1 Rqh ri wkh frqwulexwlrqv ri
wklv sdshu lv wr udwlrqdol}h wkhlu ?qglqj1
Dv d phdvxuh ri wkh rxwsxw jds L xvh wkh vhulhv ri fdsdflw| xwlol}dwlrq exlow
e| wkh Ihghudo Uhvhuyh Erdug14;4< W k hu h v s r q v hr idy d u l d e o h vw rdj l y h qv k r f n
lq wkh wzr YDUv duh sorwwhg rq wkh vdph judsk1 D YDU+6, zdv hvwlpdwhg
lq doo fdvhv153 Iljxuh 6 sorwv lpsxovh uhvsrqvhv iru wkh wzr YDUv hvwlpdwhg
rq wkh vdpsoh 4<:3=4 5333=5 +xqohvv rwkhuzlvh vwdwhg doo ?jxuhv duh surgxfhg
zlwk d YDU+6, rq wkh vdpsoh 4<:3=4 5333=5,1 <3( huuru edqgv iru YDUjds duh
lqfoxghg1
Yduldqfh ghfrpsrvlwlrq iru YDUjds dqg iru wkh plvvshfl?hg YDU duh suh0
vhqwhg lq Iljxuh 7 dqg Iljxuh 8 uhvshfwlyho|1
Wkh uhdghu lv lqylwhg wr frpsduh Iljxuhv 6 dqg 5= lq doo qlqh fdvhv wkh
wkhruhwlfdo prgho fruuhfwo| suhglfwv zkhwkhu wkh lpsxovh uhvsrqvh ri YDUjds
olhv deryh ru ehorz wkh lpsxovh uhvsrqvh ri wkh plvvshfl?hg YDU1 Wkh iroorzlqj
4;Gdwd ghvfulswlrq=
Fdsdflw| xwlol}dwlrq lv vhdvrqdoo| dgmxvwhg1 Lw lv dydlodeoh dw IUHG gdwd edvh/
kwws=22zzz1vwov1iue1ruj2iuhg2gdwd2exvlqhvv2fxpij
Wkh ihghudo ixqgv udwh vhulhv lv dovr wdnhq iurp IUHG/ djjuhjdwhg iurp prqwko| +dyhudjhv,/
dydlodeoh dw kwws=22zzz1vwov1iue1ruj2iuhg2gdwd2exvlqhvv1
Doo rwkhu vhulhv duh iurp wkh LPI gdwdedvh= JGS dw frqvwdqw sulfhv +edvh |hdu 4<<8,/ vd/
FSL +doo lwhpv,/ vd/ zhuh orjjhg ehiruh hvwlpdwlrq1 Doo vhulhv xvhg lq wklv sdshu duh dydlodeoh
lq dq H0ylhzv zrun?oh +sohdvh uhtxhvw wkhp dw qhsjlCkkv1vh,1
4<Vlqfh fdsdflw| xwlol}dwlrq lv h{suhvvhg dv d shufhqwdjh ri ixoo fdsdflw| iru wkh pdqxidf0
wxulqj vhfwru/ d vfdoh dgmxvwphqw zdv xvhg wr dffrxqw iru wkh idfw wkdw lqgxvwuldo surgxf0
wlrq +pdqxidfwxulqj, lv pruh yrodwloh wkdq JGS1 Wkhuhiruh wkh vhulhv xvhg lq hvwlpdwlrq lv
fdsdflw|ffØDØ Wkh qxpehu 318 lv wkh uhvxow ri wkh iroorzlqj frpsxwdwlrqv1 L dvvxph wkdw wkh









| ￿Ø Xvlqj gdwd rq
vd lqgxvwuldo surgxfwlrq dqg wdnlqj vwg ri ghyldwlrqv iurp olqhdu wuhqgv/ L hvwlpdwh k ’f ØDØ
D yhu| vlplodu uhvxow lv rewdlqhg e| frpsdulqj wkh vwdqgdug ghyldwlrqv ri wkh jurzwk udwhv1
53Wkh Vfkzdu} dqg KT fulwhuld erwk vhohfw wzr odjv iru YDUjds dqg/ uhvshfwlyho|/ wzr dqg
irxu odjv iru wkh plvvshfl?hg YDU1
55Iljxuh 6= Lpsxovh uhvsrqvhv iru plvvshfl?hg YDU +uhdo JGS/ lq dwlrq dqg
ihghudo ixqgv udwh1 Gdvkhg olqh, frpsduhg zlwk wkrvh iurp YDUjds +rxwsxw
jds udwkhu wkdq rxwsxw1 Vrolg olqh,1 <3( huuru edqgv iru YDUjds +frpsxwhg
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Variance Decomposition of FF







1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AD AS/CP MP







1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AD AS/CP MP







1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
AD AS/CP MP
Variance Decomposition of FF
Iljxuh 8= Yduldqfh ghfrpsrvlwlrq iru wkh plvvshfl?hg YDU1
uhvxowv duh doo suhglfwhg e| wkh dqdo|vlv ri Vhfwlrq 5=
41 Wkhuh lv qr sulfh sx}}oh lq YDUjds/ zkloh wkhuh lv d kxjh sulfh sx}}oh lq
wkh plvvshfl?hg YDU1
51 Wkh uhvsrqvh ri wkh ihghudo ixqgv udwh wr dq DG vkrfn lv kljkhu lq YDUjds/
hyhq wkrxjk wkh DG vkrfn kdv d orzhu vwdqgdug ghyldwlrq1
61 Wkh uhvsrqvhv ri rxwsxw +jds, wr doo vkrfnv duh vkruwhu0olyhg lq YDUjds1
71 Wkh vwg ri PS vkrfnv lv 45( orzhu lq YDUjds/ dqg vwdqgdug ghyldwlrqv
ri wkh lq dwlrq htxdwlrq dqg ri wkh ihghudo ixqgv udwh htxdwlrq +lq uh0
gxfhg irup, duh :( dqg 44( orzhu1 Wkhuhiruh YDUjds lv h{shfwhg wr
surgxfh vxshulru iruhfdvwv +vlqfh lw ?wv ehwwhu zlwk wkh vdph qxpehu ri
sdudphwhuv,1
5781 Prqhwdu| srolf| orrnv pxfk pruh hqgrjhqrxv dv wkh shufhqwdjh ri wkh
ihghudo ixqg udwh iruhfdvw huuru yduldqfh gxh wr PS vkrfnv lv vxevwdqwldoo|
uhgxfhg lq YDUjds=
91 Wkh vkduh ri PS vkrfnv lq wkh yduldqfh ghfrpsrvlwlrq ri rxwsxw jds lq
YDUjds lv ohvv +rqh kdoi diwhu 49 shulrgv, wkhq lq wkh ghfrpsrvlwlrq ri
rxwsxw lq wkh plvvshfl?hg YDU1
:1 Wkh vkduh ri PS vkrfnv lq wkh yduldqfh ghfrpsrvlwlrq ri rxwsxw lq wkh
plvvshfl?hg YDU jurzv zlwk wkh iruhfdvw krul}rq/ dv suhglfwhg +wkh uhdvrq
ehlqj wkdw wkh odehoohg PS vkrfnv duh fruuhodwhg zlwk whfkqrorj| vkrfnv,1
Lq frqwudvw/ PS vkrfnv lq YDUjds glvsod| qr vxfk ehkdylru +wkh uhvxow
grhvq*w fkdqjh dw iruhfdvw krul}rqv orqjhu wkdq irxu |hduv,1
;1 Wkh lq dwlrq htxdwlrq lq wkh wzr YDUv wdnh wkh irup vxjjhvwhg e| Vhfwlrq
6 +uhihu wr htxdwlrqv 6 dqg 44,= lq YDUjds wkh odjjhg ydoxhv ri fdsdflw|
xwlol}dwlrq duh kljko| vljql?fdqw/ zkloh wkh odjv ri wkh ihghudo ixqgv udwh
duh lqvljql?fdqw +wkh I0whvw iru wkhlu h{oxvlrq kdv s0ydoxh 316<,/ zkloh lq
wkh 3plvvshfl?hg4 YDU wkh odjjhg ydoxhv ri rxwsxw duh lqvljql?fdqw +s0
ydoxh 316;, dqg odjv ri wkh ihghudo ixqgv udwh ?jxuh surplqhqwo| +s0ydoxh
31351 Wkh vljqv ri vljql?fdqw yduldeohv duh wkrvh vxjjhvwhg e| wkhru| lq
doo fdvhv,1
61314 Urexvwqhvv ri wkh uhvxowv
L fkhfnhg wkh urexvwqhvv ri wkh uhvxowv wr gl>huhqw odj ohqjwk vwuxfwxuh +udqjh 40
;, dqg vwduwlqj vdpsoh gdwhv +4<93 dqg 4<;3,1 Vzlwfklqj fdsdflw| dqg lq dwlrq
lq wkh lghqwl?fdwlrq rughulqj dovr kdv olwwoh h>hfw rq hlwkhu lpsxovh uhvsrqvhv
ru yduldqfh ghfrpsrvlwlrqv/ dv suhglfwhg e| wkh prgho1 Xvlqj wkh orj ri sulfhv
lqvwhdg ri lq dwlrq grhv qrw fkdqjh dq| uhvxow lq wklv dqg odwhu vhfwlrqv1
Wkh iroorzlqj dowhuqdwlyh phdvxuhv ri rxwsxw jds kdyh ehhq frqvlghuhg= orj
58ghyldwlrqv iurp d olqhdu dqg iurp d txdgudwlf wuhqg/ wkh FER phdvxuh ri rxwsxw
jds/54 xqhpsor|phqw/ dqg/ iru wkh ixq ri lw/ wkh f|foh frpsrqhqw ri KS ?owhuhg
orj rxwsxw155 Doo wkh pdlq uhvxowv duh idluo| urexvw wr wkh fkrlfh ri wkh rxwsxw
jds sur{|1 Qrw doo phdvxuhv zrun dv zhoo wkrxjk= xvlqj fdsdflw| xwlol}dwlrq +dqg
KS ?owhu,/ qhduo| lghqwlfdo uhvxowv duh rewdlqhg iru hyhu| uhdvrqdeoh fkrlfh ri odjv
+udqjh 40;,/ zkloh ghyldwlrqv iurp olqhdu dqg txdgudwlf wuhqgv +zklfk uhpdlq
kljko| shuvlvwhqw, surgxfh d sulfh sx}}oh iru vrph fkrlfhv ri odjv +irxu ru kljkhu,>
xqhpsor|phqw dqg wkh FER +wkh ohdvw vxffhvvixo yduldeoh, phdvxuh vl}hdeo|
uhgxfh wkh hqwlw| ri wkh sx}}oh/ exw gr qrw holplqdwh lw1 Fdsdflw| xwlol}dwlrq
surgxfhv wkh ehvw ?w lq erwk wkh lq dwlrq dqg wkh lqwhuhvw udwh htxdwlrq1
Vhyhudo uhvhdufkhuv56 kdyh qrwlfhg wkdw d frpprglw| sulfh lqgh{ grhv qrw
vroyh wkh sulfh sx}}oh rq wkh suh04<:< vdpsoh1 YDUjds lv qrw dv urexvw rq wkh
4<9904<:< vdpsoh/ lq wkh vhqvh wkdw vrph vshfl?fdwlrqv gr surgxfh d vl}hdeoh
sulfh sx}}oh1 Lqfoxglqj erwk rxwsxw dqg wkh rxwsxw jds uhgxfhv wkh sx}}oh/
srvvleo| ehfdxvh fdsdflw| lv d ohvv h!flhqw sur{| ri wkh rxwsxw jds lq wklv
vxe0vdpsoh1 Iru sxusrvhv ri frpsdulvrq zlwk suhylrxv olwhudwxuh/ L hvwlpdwh d
YDU+7, lqfoxglqj fdsdflw|/ uhdo jgs +lq orjv,/ wkh JGS gh dwru +lq orjv, dqg wkh
ihghudo ixqgv udwh rq wkh vdpsoh 4<99T404<:<T41 Wklv vshfl?fdwlrq surgxfhv
3zhoo0ehkdyhg4 uhvsrqvhv +uhihu wr Iljxuh 9,1
614 H{whqglqj wkh YDU wr lqfoxgh rxwsxw
Vr idu wkuhh yduldeoh YDUv kdyh ehhq hvwlpdwhg1 Ri frxuvh wkhuh lv qr uhdvrq
zk| rxwsxw vkrxog eh h{foxghg iurp wkh YDU dv orqj dv d phdvxuh ri rxwsxw
jds lv lqfoxghg1 Lq wklv fdvh whfkqrorj| vkrfnv ehfrph sduw ri wkh slfwxuh1 Wkh
54Wkh Frqjuhvvlrqdo Exgjhw R!fh uhohdvhv d phdvxuh ri uhdo srwhqwldo rxwsxw/ iurp zklfk
L frqvwuxfw wkh phdvxuh ri rxwsxw jds xvhg lq wkh YDU dv= oq+uhdo JGS,0oq+FER srwhqwldo
rxwsxw,1
55Wkh KS ?owhu lv wzr0vlghg/ wkhuhiruh wkh ?owhuhg gdwd vkrxog qrw eh xvhg lq uhjuhvvlrq
dqdo|vlv/ vlqfh wkh| zloo ohdg wr lqfrqvlvwhqw hvwlpdwhv1 Krzhyhu/ wkh vdph lv wuxh/ vwulfwo|
vshdnlqj/ ri olqhdu dqg txdgudwlf ghwuhqglqj/ zklfk duh frpprqo| xvhg/ dqg vrph uhvhdufkhuv
pd| qrqhwkhohvv eh fxulrxv derxw wkh uhvxowv jlyhq e| erwk ?owhuv1
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FFR to MP shock
Iljxuh 9= Uhvsrqvhv wr d PS vkrfn/ zlwk ￿5 vwg huuru edqgv +dqdo|wlf,1 YDU+7,
lqfoxglqj= fdsdflw|/ orj uhdo jgs/ orj jgs gh dwru/ ihghudo ixqgv udwh1 Vdpsoh
4<99T404<:<T41
Vyhqvvrq prgho wkhq suhglfwv wkdw doo uhvsrqvhv wr vkrfnv rwkhu wkdq whfkqrorj|
vkrfnv vkrxog eh wkh vdph dv lq wkh wkuhh yduldeoh YDUjds1 Wzr rughulqjv
vxjjhvwhg e| wkh prgho duh= rxwsxw jds/ rxwsxw/ lq dwlrq/ ihghudo ixqgv udwh/
dqg srwhqwldo rxwsxw/ rxwsxw/ lq dwlrq/ ihghudo ixqgv udwh1 L fkrrvh wkh vhfrqg
ehfdxvh lw kdv wkh dgydqwdjh ri ehlqj fruuhfw hyhq li whfkqrorj| vkrfnv gr d>hfw
wkh rxwsxw jds/ dv lq Vyhqvvrq +5333d,/ frqglwlrqdo/ ri frxuvh/ rq d jrrg phdvxuh
ri srwhqwldo rxwsxw1 Lw wxuqv rxw wkdw doo uhvxowv duh urexvw wr wkh fkrlfh ri xvlqj
rxwsxw jds lqvwhdg ri srwhqwldo rxwsxw157 L frqvwuxfw srwhqwldo rxwsxw +orjjhg,
iurp uhdo JGS dqg wkh phdvxuh ri fdsdflw| xvhg lq wkh suhylrxv vhfwlrq158
Wkh lpsxovh uhvsrqvh ixqfwlrqv duh vkrzq lq Iljxuh : +huuru edqgv lqfoxgh
soxv dqg plqxv wzr vwg,1 Wkh iroorzlqj uhvxowv vwdqg rxw=
41 Wkh lqfoxvlrq ri rxwsxw grhv qrw surgxfh dq| fkdqjh zruwk qrwlflqj rq dq|
57Wkh ?uvw rughulqj uhwulhyhv wkh vkrfnv lq wkh rughu= ł(/ whfkqrorj|/ ￿￿c ￿￿Ø Wkh vhfrqg
lq wkh rughu= whfkqrorj|/ ł(c ￿￿c ￿￿Ø
58Orj ri qdwxudo rxwsxw lv gh?qhg dv +? ’ + 3 ES@R@S￿|+*￿ff￿c zkhuh fdsdflw| lv rewdlqhg
e| pxowlso|lqj wkh ruljlqdo vhulhv e| 318/ dv prwlydwhg lq Vhfwlrq 61
5:ri wkh uhvsrqvhv +wkh frpsdulvrq lv zlwk wkh wkuhh yduldeoh YDUjds,1 Wklv
lv hqfrxudjlqj hylghqfh wkdw wkh vkrfnv lq YDUjds kdg ehhq lghqwl?hg
fruuhfwo|1
51 Wkh uhvsrqvh ri rxwsxw wr d whfkqrorj| vkrfn lv yhu| vlplodu wr wkh uh0
vsrqvh ri qdwxudo rxwsxw/ zkloh lq dwlrq dqg wkh ihghudo ixqgv udwh kdyh
vpdoo dqg lqvljql?fdqw uhvsrqvhv wr whfkqrorj| vkrfnv1 Wkdw lv/ whfkqro0
rj| vkrfnv gr qrw d>hfw wkh rxwsxw jds/ vxssruwlqj wkh lghqwl?fdwlrq=
rxwsxw jds/ rxwsxw/ lq dwlrq/ ihghudo ixqgv udwh1 Lq idfw/ uhvxowv iurp
wkh wzr dowhuqdwlyh lghqwl?fdwlrqv duh ixoo| frpsdwleoh1 Lpsxovh uhvsrqvhv
dqg yduldqfh ghfrpsrvlwlrq lqglfdwh wkdw qdwxudo rxwsxw lv dq h{rjhqrxv
udqgrp zdon zlwk guliw1
61 Yduldqfh ghfrpsrvlwlrqv +qrw uhsruwhg, dovr frq?up wkh uhvxowv rewdlqhg
iru wkh wkuhh yduldeoh YDUjds1 Wkh vkduh ri whfkqrorj| vkrfnv lq wkh
ghfrpsrvlwlrq ri lq dwlrq dqg ri wkh ihghudo ixqgv udwh lv qhjoljleoh1 Wkh
vkduh ri whfkqrorj| vkrfnv lq wkh yduldqfh ghfrpsrvlwlrq ri rxwsxw lv
vxevwdqwldo dw doo krul}rqv +doprvw dozd|v deryh 83(,1
71 Vhfwlrq 5 vkrzhg wkdw/ lq wkh wkhruhwlfdo iudphzrun/ wkh PSœ vkrfnv
uhwulhyhg iurp wkh plvvshfl?hg YDU duh srvlwlyho| fruuhodwhg zlwk wkh
wuxh DG vkrfnv dqg qhjdwlyho| fruuhodwhg zlwk wkh wuxh whfkqrorj| vkrfnv1
Xvlqj whfkqrorj| vkrfnv dqg DG vkrfnv wdnhq iurp wkh irxu yduldeoh YDU
dqg PSœ vkrfnv iurp wkh plvvshfl?hg YDU/ wklv suhglfwlrq fdq eh whvwhg
dqg lv lq idfw fruuhfw= fruu+￿DG>￿ œ
PS,@3 =68>f r u u +￿Q>￿ œ
PS,@￿3=651
81 Wkh lpsxovh uhvsrqvhv dw orqj odjv +?yh |hduv ru orqjhu/ qrw vkrzq, vkrz
wkdw wkh orqj uxq h>hfw ri whfkqrorj| vkrfnv rq rxwsxw lv rqh wr rqh/ zkloh
doo rwkhu vkrfnv kdyh d }hur orqj uxq h>hfw1 Wkxv/ dowkrxjk wkh lghqwl0
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Response of FF to MP
Iljxuh := Lpsxovh uhvsrqvhv iru wkh YDU= qdwxudo rxwsxw/ rxwsxw/ lq dwlrq/
ihghudo ixqgv udwh1 Huuru edqgv +dqdo|wlfdo, lqfoxgh soxv dqg plqxv wzr vwdqgdug
ghyldwlrqv1
zlwk wkh k|srwkhvlv wkdw rqo| whfkqrorj| vkrfnv kdyh d orqj0uxq lpsdfw
rq rxwsxw1
7 Zk| grhv d frpprglw| sulfh lqgh{ vroyh wkh
sulfh sx}}ohB Glvfulplqdwlqj ehwzhhq wzr do0
whuqdwlyh h{sodqdwlrqv
Wklv vhfwlrq dujxhv wkdw wkh frpprglw| sulfh lqgh{ vroyhv wkh sulfh sx}}oh
pdlqo| ehfdxvh lw frqwdlqv xvhixo lqirupdwlrq derxw wkh rxwsxw jds/ qrw ehfdxvh
lw lv xvhixo lq iruhfdvwlqj lq dwlrq1 SfrpFHH59 dqg fdsdflw| xwlol}dwlrq gr whqg
59L fdoo SfrpFHH wkh lqgh{ xvhg e| Fkulvwldqr/ Hlfkhqedxp dqg Hydqv +4<<;,1 Wklv lqgh{
grhv qrw glvsod| d wuhqg +vr lw lv phdqlqjixo wr wdon ri lwv fruuhodwlrq zlwk rwkhu vwdwlrqdu|
yduldeohv,1
5<wr pryh wrjhwkhu +fruuhodwlrq 318; rq wkh vdpsoh 4<:3=404<<;=7,15:
Wkh vwdqgdug h{sodqdwlrq lpsolhv wkdw wkh sulfh sx}}oh vkrxog glvdsshdu
zkhq d jrrg ohdglqj lqglfdwru ri lq dwlrq lv lqfoxghg lq wkh YDU1 Vlqfh frp0
prglw| sulfhv kdyh dgghg ydoxh lq suhglfwlqj lq dwlrq/ frpprglw| sulfhv vkrxog
vroyh wkh sulfh sx}}oh1 Wkh sx}}oh grhv doprvw frpsohwho| glvdsshdu lq d irxu
yduldeoh YDU zlwk wkh vwdqgdug rughulqj= rxwsxw/ lq dwlrq/ SfrpFHH/ ihghudo
ixqgv udwh1
Exw rwkhu srzhuixo ohdglqj lqglfdwruv ri lq dwlrq vkrxog dovr jr dw ohdvw
vrph zd| lq vroylqj wkh sx}}oh/ li wklv wkhru| lv fruuhfw1 Iru h{dpsoh/ d orqj
lqwhuhvw udwh vkrxog uhdfw txlfno| wr qhzv ri ixwxuh lq dwlrq1 Wkh vorsh ri
wkh whup vwuxfwxuh/ zklfk wkh YDU lv iuhh wr fdswxuh vlqfh d vkruw dqg d orqj
lqwhuhvw udwh duh lqfoxghg/ lv nqrzq wr kdyh iruhfdvwlqj srzhu iru lq dwlrq1 Wklv
vxjjhvwhg xvlqj wkh |lhog rq whq |hdu jryhuqphqw erqgv lqvwhdg ri frpprglw|
sulfhv1 Wkh uhvxowv duh vxusulvlqj= wkh sulfh sx}}oh lv yhu| odujh/ dv odujh dv li
wklv yduldeoh lv rplwwhg1
Qh{w L hvwlpdwh d irxu yduldeoh YDU lqfoxglqj +lq wklv rughu,= rxwsxw/ lq0
 dwlrq/ lq dwlrq iruhfdvw/ ihghudo ixqgv udwh1 Lq dwlrq iruhfdvw lv wkh iruhfdvw
ri dyhudjh lq dwlrq gxulqj wkh qh{w irxu txduwhuv1 Wkh iruhfdvwv duh surgxfhg
zlwk d YDU +zklfk lqfoxghv SfrpFHH, hvwlpdwhg uhfxuvlyho|15; Wkh uhvxowlqj
iruhfdvw vhulhv lv wkhq lqfoxghg lq wkh irxu yduldeoh YDU lq sodfh ri frpprglw|
sulfh1 Wkh iruhfdvw gr kdyh vrph ydoxh/ vlqfh lq uhvsrqvh wr d iruhfdvw vkrfn
lq dwlrq jurzv prqrwrqrxvo| dqg wkh uhvsrqvh lv vljql?fdqw dw wkh 8( ohyho iru
vhyhudo txduwhuv1 Edvhg rq wkh vwdqgdug h{sodqdwlrq ri wkh sx}}oh/ wkh lqfoxvlrq
5:Wkh sxeolfdwlrq ri wkh frpprglw| sulfh lqgh{ xvhg lq Fkulvwldqr/ Hlfkhqedxp dqg Hydqv
+4<<;, kdv ehhq glvfrqwlqxhg durxqg 4<<91 Wkh vhulhv zdv xvhg e| wkh Ghsduwphqw ri Frp0
phufh dv d ohdglqj lqglfdwru1 Gdwd xs wr 4<<;T7 kdyh ehhq nlqgo| surylghg e| Fkduohv Hydqv/
zkr frqvwuxfwhg wkh odvw ihz gdwd srlqwv iroorzlqj wkh surfhgxuh xvhg e| wkh GRF1
5;Wkh yduldeohv duh= lq dwlrq/ orj ri uhdo rxwsxw/ frpprglw| sulfh lqgh{/ ihghudo ixqgv udwh
dqg wkh wkuhh |hdu |lhog rq jryhuqphqw eloov1 Wkh YDU lv ?uvw hvwlpdwhg rq wkh vdpsoh 4<93=4
wr 4<:3=4 dqg wkh iruhfdvw lv surgxfhg iru dyhudjh lq dwlrq gxulqj wkh shulrgv 4<:3=5 wr 4<:4=41
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Response of INFL to MP shock
Iljxuh ;= Uhvsrqvh ri lq dwlrq wr qhzv ri ixwxuh lq dwlrq dqg wr d PS vkrfn lq
d YDU lqfoxglqj wkh iruhfdvw ri ixwxuh lq dwlrq iurp wkh DVD2QEHU vxuyh|1
ri wkh lq dwlrq iruhfdvwv lq wkh YDU vkrxog holplqdwh ru dw ohdvw plwljdwh wkh
sx}}oh1 Lq idfw lw grhvq*w khos d elw1 Wkh uhvsrqvh ri sulfhv wr d PS vkrfn
+qrw uhsruwhg, lv xqd>hfwhg1 Wkh vdph h{huflvh lv uhshdwhg zlwk d iruhfdvw iurp
dg l >huhqw vrxufh/ wkh DVD2QEHU Vxuyh|15< L wdnh wkh phdq dfurvv iruhfdvw0
huv ri wkh iruhfdvw ri dyhudjh lq dwlrq gxulqj wkh qh{w irxu txduwhuv +wkh vdph
yduldeoh dv ehiruh,1 Wkh uhvsrqvh ri lq dwlrq wr dq h{shfwdwlrq vkrfn lv kljko|
vljql?fdqw +wkh huuru edqgv lq Iljxuh ; duh iru ￿5 vwg,/ exw wkh sulfh sx}}oh
uhpdlqv vxevwdqwldo lq erwk vl}h dqg wlph h{whqvlrq1
Wkhvh ?jxuhv gr qrw fkdqjh li wkh iruhfdvw ri ixwxuh lq dwlrq lv vxevwlwxwhg
zlwk ixwxuh lq dwlrq lwvhoi +rqh ru wzr txduwhuv dkhdg,/ zlwk d olwwoh zklwh qrlvh
huuru dgghg wr dyrlg d vlqjxodu yduldqfh0fryduldqfh pdwul{163 Dovr/ wkh| gr
qrw fkdqjh pxfk xvlqj d vwdqgdug 3sulfh ri frpprglw|4 +dv rssrvhg wr wkh
ohdglqj lqglfdwru xvhg e| Fkulvwldqr/ Hlfkhqedxp dqg Hydqv/ 4<<;,/ ru wkh
5<Dovr nqrzq dv wkh Vxuyh| ri Surihvvlrqdo Iruhfdvwhuv1 Mrxw} dqg Vwhnohu +5333, ?qg
wkdw 3Wkh IHG iruhfdvwv +ri JQS dqg JQS gh dwru, zhuh qrw vljql?fdqwo| gl>huhqw iurp
wkh suhglfwlrqv ri DVD2QEHU vxuyh|v41 Vlqfh iruhfdvwv ri FSL lq dwlrq duh rqo| dydlodeoh
iurp 4<;4/ L wdnh wkh iruhfdvwv ri JQS gh dwru lq dwlrq1 Gdwd dqg ghwdlov duh dydlodeoh dw
kwws=22iue1olehuw|qhw1ruj2?ohv2vsi
63L wkdqn Pduwlq Hlfkhqedxp iru vxjjhvwlqj wklv ixuwkhu fkhfn1
64sulfh ri lqwhuphgldwh jrrgv ru lqgxvwuldo sulfhv1 Wkhvh uhvxow frpsohphqw wkrvh
rewdlqhg e| Eduwk dqg Udph| +5333, dqg e| Kdqvrq +5333,/ zkr 3?qg olwwoh
fruuhodwlrq ehwzhhq dq delolw| wr iruhfdvw lq dwlrq dqg dq delolw| wr uhvroyh wkh
sulfh sx}}oh4164
Lq rughu wr ixuwkhu whvw wkh fodlp/ L whvw wkh iroorzlqj wzr k|srwkhvlv +wkh
vwdwhphqwv duh iru wkh qxoo,=
41 Rqfh fdsdflw| lv lqfoxghg lq wkh Ihg uhdfwlrq ixqfwlrq/ SfrpFHH lv uh0
gxqgdqw1
51 Rqfh SfrpFHH lq lqfoxghg lq wkh Ihg uhdfwlrq ixqfwlrq/ fdsdflw| lv uh0
gxqgdqw1
Wkh whvwlqj surfhgxuhv vwduw zlwk d prgho wkdw qhvwv erwk= ihghudo ixqgv udwh
uhjuhvvhg rq d frqvwdqw/ wkuhh odjv ri lwvhoi/ frqwhpsrudqhrxv dqg odjjhg +wkuhh
odjv, ydoxhv ri lq dwlrq/ rxwsxw/ SfrpFHH/ fdsdflw| +vdpsoh 4<:3=4 4<<;=7,1
Wkh s0ydoxh iru wkh I0vwdwlvwlf wkdw frpprglw| sulfhv duh uhgxqgdqw lv 314;1 Rq
wkh rwkhu kdqg/ wkh k|srwkhvlv wkdw fdsdflw| lv uhgxqgdqw lv fohduo| uhmhfwhg
+s0ydoxh 313336,1 Lq idfw d ehwwhu ?w lv rewdlqhg lq wkh htxdwlrq deryh h{foxglqj
erwk rxwsxw dqg SfrpFHH wkdq h{foxglqj fdsdflw| rqo|1
Wklv sdshu vxjjhvwv wkdw yduldeohv xvhixo lq plwljdwlqj ru vroylqj wkh sulfh
sx}}oh vkrxog eh kljko| f|folfdo1 Iru h{dpsoh/ wkh fruuhodwlrq ehwzhhq wkh
xqhpsor|phqw udwh65 dqg fdsdflw| xwlol}dwlrq lv 31:71 Lq idfw/ wkh xqhpsor|phqw
udwh xvhg lqvwhdg ri fdsdflw| grhv d udwkhu jrrg mre dw vroylqj wkh sulfh sx}}oh/
zlwk lq dwlrq qhjdwlyh diwhu irxu odjv1
64Devwudfw1
65Vwdqgdugl}hg xqhpsor|phqw udwh/ vd/ RHFG gdwd edvh1
658F r q f o x v l r q v
Wklv sdshu dujxhv wkdw wkh ?qglqj ri d srvlwlyh uhvsrqvh ri lq dwlrq wr d frq0
wudfwlrqdu| PS vkrfn +sulfh sx}}oh, lq YDUv ghvljqhg iru prqhwdu| srolf|
dqdo|vlv pd| qrw eh gxh wr prqhwdu| dxwkrulwlhv kdylqj ehwwhu iruhfdvwv wkdq
wkrvh surgxfhg e| wkh YDU1 Udwkhu/ lw pd| eh gxh wr wkh rplvvlrq ri d phdvxuh
ri rxwsxw jds lq wkh YDU1 Wklv rplvvlrq lv vkrzq wr surgxfh d sulfh sx}}oh lq d
zlgh fodvv ri prghov wkdw zrxog glvsod| qr vxfk h>hfw li fruuhfwo| hvwlpdwhg dqg
lghqwl?hg1 Wkh nh| uhtxluhphqw lv wkdw prqhwdu| srolf| d>hfwv rxwsxw zlwk d
odj dqg lq dwlrq zlwk d orqjhu odj/ d k|srwkhvlv vwurqjo| vxssruwhg e| hpslulfdo
hylghqfh dqg lqfrusrudwhg lq vhyhudo uhfhqw GVJH prghov1 Xvlqj d prgho gxh
wr Vyhqvvrq wr ghulyh dqdo|wlfdo uhvxowv/ lw lv vkrzq wkdw wkh rplvvlrq ri rxwsxw
jds dovr ohdgv wr ryhuhvwlpdwlrq ri wkh yduldqfh ri prqhwdu| srolf| vkrfnv dqg
wr lqfruuhfw lghqwl?fdwlrq ri wkh uhvsrqvh ri prqhwdu| srolf| wr doo wkh vkrfnv lq
wkh hfrqrp|1 Pruhryhu/ wkh lpsruwdqfh ri prqhwdu| srolf| vkrfnv lq wkh ydul0
dqfh ghfrpsrvlwlrq ri rxwsxw lv ryhuhvwlpdwhg/ dqg wkhlu h>hfwv duh hvwlpdwhg
wr eh orqjhu wkdq wkh| dfwxdoo| duh1 Wkh vsxulrxv dsshdudqfh ri d sulfh sx}}oh
lv vkrzq wr h{whqg wr d zlgh fodvv ri plfurirxqghg dqg iruzdug0orrnlqj prghov1
Zkhq wkh lpsolfdwlrqv ri wkh wkhruhwlfdo dqdo|vlv duh whvwhg rq XV gdwd doo
wkh pdlq suhglfwlrqv duh frq?uphg= wkh frpsdulvrq ri wzr wkuhh0yduldeoh YDUv/
rqh ri zklfk lqfoxghv rxwsxw udwkhu wkdq wkh rxwsxw jds/ jlyhv wkh suhglfwhg
uhvxowv lq whupv ri lpsxovh uhvsrqvhv dqg yduldqfh ghfrpsrvlwlrqv1 Lq sduwlfxodu/
PS vkrfnv gr qrw fdxvh d sulfh sx}}oh/ kdyh vkruwhu0olyhg h>hfwv rq rxwsxw dqg
ohvv uhohydqfh lq wkh yduldqfh ghfrpsrvlwlrq ri doo yduldeohv1 Wkxv yhu| vpdoo
YDUv +wkuhh ri irxu yduldeohv, fdq uhsurgxfh wkh uhvxowv ri pxfk odujhu v|vwhpv
frqfhuqlqj wkh h>hfwv ri PS vkrfnv/ zkloh idflolwdwlqj lghqwl?fdwlrq ri rwkhu
vkrfnv li wkh prgho surylghv hqrxjk uhvwulfwlrqv1
Ilqdoo|/ lw lv dujxhg wkdw wkh h>hfwlyhqhvv ri d frpprglw| sulfh lqgh{ lq
66vroylqj wkh sx}}oh grhv qrw ghshqg rq lwv xvhixoqhvv lq suhglfwlqj lq dwlrq1
Udwkhu/ lw lv suredeo| gxh wr lwv idluo| kljk fruuhodwlrq zlwk wkh prvw srsxodu
phdvxuhv ri rxwsxw jds1 Xvlqj d phdvxuh ri rxwsxw jds +ru srwhqwldo rxwsxw,
lv qrw rqo| wkhruhwlfdoo| pruh dsshdolqj/ exw dovr ohdgv wr d ehwwhu ?wr iw k h
uhdfwlrq ixqfwlrq1
679 Dsshqgl{= wkh fruuhfw dqg plvvshfl?hg uhs0
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Li ￿PS A 3/ d YDU+4, zloo kdyh dxwrfruuhodwhg huuruv1 Wkhuhiruh wkh hfrqr0
phwulfldq lv olnho| wr vhohfw d orqjhu odj ohqjkw1 Lw zloo vrrq eh suryhg wkdw wkh
p|vshfl?hg v|vwhp kdv d YDUPD+5/4, uhsuhvhqwdwlrq1 Wkhuhiruh wkh plvvshf0
l?hg v|vwhp zloo kdyh lqihulru ?w dqg iruhfdvwlqj h!flhqf| wkdq wkh fruuhfwo|
vshfl?hg rqh/ hyhq li d YDUPD+5/4, lv hvwlpdwhg166
66Vhh Oxwnhsrko +4<<6,/ sdj1 5671
68Sursrvlwlrq 4 Wkh plvvsh?flhg v|vwhp \>￿>l kdv d YDUPD+5/4, uhsuhvhqwd0
wlrq1
Surri1 Zulwh wkh GJS dv
Ø














> ru/ lq frpsdfw qrwdwlrq/ +54,
I+O,[w @ ￿w> zkhuh ]3


































Suhpxowlso| erwk vlghv ri +54, e| I+O,￿4= Wkh uhvxowlqj v|vwhp iru ]w lv
]w @+ E3 ￿ E4O,￿4+D3 ￿ D4O,+4 ￿ ªO,￿4￿Q
w .+ E3 ￿ E4O,￿4￿]
w =
Suhpxowlso| erwk vlghv e| +E3 ￿ E4O,+4 ￿ ªO, dqg uhduudqjh
]w @+ E￿4
3 E4 . ªL,]w￿4 ￿ ªE￿4
3 E4]w￿5 ￿ +D3 ￿ D4O,￿Q






w kdv d pxowlyduldwh PD+4, uhsuh0
vhqwdwlrq ri wkh irup ￿+D3 ￿D4O,￿Q
w .+4￿ªO,E￿4
3 ￿]
w @+ L .PO,xw>x
pxowlyduldwh +wkuhh glphqvlrqdo, zklwh qrlvh +Oxwnhsrko +4<<6,/ sdj1 564,1
69Uhihuhqfhv
^4‘ Edjoldqr/ I1 F1dqg F1 D1 Idyhur/ 4<<;/ Phdvxulqj prqhwdu| srolf| zlwk
YDU prghov= Dq hydoxdwlrq/ Hxurshdq Hfrqrplf Uhylhz/ 75/ 4446044731
^5‘ Edoo/ O1/ 4<<</ Srolf| uxohv iru rshq hfrqrplhv/ lq= Mrkq E1 Wd|oru/ Prqh0
wdu| Srolf| Uxohv/ +Xqlyhuvlw| ri Fklfdjr Suhvv/ Fklfdjr,1
^6‘ Eduwk/ P1 M/ dqg Y1 D1 Udph|/ 5333/ Wkh frvw fkdqqho ri prqhwdu| wudqv0
plvvlrq/ QEHU Zrunlqj Sdshu/ :9:81
^7‘ Eodqfkdug/ R1 dqg G1 Txdk/ 4<;</ Wkh g|qdplf h>hfwv ri djjuhjdwh ghpdqg
dqg vxsso| glvwxuedqfhv/ Dphulfdq Hfrqrplf Uhylhz/ :</ 98809:61
^8‘ Fdqryd/ I1 M1 S1 Slqd/ M1 S1/ 4<<</ Prqhwdu| srolf| plvvshfl?fdwlrq lq YDU
prghov/ zrunlqj sdshu/ Xqlyhuvlwdw Srpshx Ideud/ Edufhorqd1 Dydlodeoh dw
zzz1hfrq1xsi1hv1
^9‘ Fdqryd/ I1/ 4<<;d/ Ghwuhqglqj dqg exvlqhvv f|foh idfwv/ Mrxuqdo ri Prqh0
wdu| Hfrqrplfv/ 74/ 7:8/08451
^:‘ Fkulvwldqr/ O1M1/ P1 Hlfkhqedxp dqg F1 O1 Hydqv/ 4<<;/ Prqhwdu| srolf|
vkrfnv= Zkdw kdyh zh ohduqhg dqg wr zkdw hqgB/ QEHU ZS &97331
^;‘ Fkulvwldqr/ O1M1/ P1 Hlfkhqedxp dqg F1 O1 Hydqv/ 5334/ Qrplqdo uljlglwlhv
dqg wkh g|qdplf h>hfwv ri d vkrfn wr prqhwdu| srolf|/ Zrunlqj Sdshu1
^<‘ Fodulgd/ U1 dqg M1 Jdol/ 4<<7/ Vrxufhv ri uhdo h{fkdqjh  xfwxdwlrqv= Krz
lpsruwdqw duh qrplqdo vkrfnvB/ Fduqhjlh0Urfkhvwhu Frqihuhqfh rq Sxeolf
Srolf|/ 74/ 40891
^43‘ Fodulgd/ U1/ M1 Jdol dqg P1 Jhuwohu/ 4<<</ Wkh Vflhqfh ri prqhwdu| srolf|/
Mrxuqdo ri Hfrqrplf Olwhudwxuh 6:/ 499404:3:1
6:^44‘ Grdq/ W1 D1/ 4<<5/ UDWV Xvhu*v pdqxdo/ Hvwlpd1
^45‘ Idyhur/ F1/ 5333/ Dssolhg pdfurhfrqrphwulfv/ +R{irug Xqlyhuvlw| Suhvv/
R{irug,1
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^48‘ Kdqvhq/ O1 S1/ dqg W1 M1 Vdujhqw/ 5333d/ Zdqwlqj Urexvwqhvv lq Pdfurh0
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prqlwrulqj lq dwlrq wdujhwv/ Hxurshdq Hfrqrplf Uhylhz/ 74/ 4444044791
^63‘ Vyhqvvrq/ O1 H1R1/ 4<<</ Lq dwlrq wdujhwlqj dv d prqhwdu| srolf| uxoh/
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^64‘ Vyhqvvrq/ O1 H1R1/ 5333d/ 4Rshq0hfrqrp| lq dwlrq wdujhwlqj/4 Mrxuqdo ri
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